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(71) We, MERCK & CO. INC, a 
corporation duly organised and existing under 
the laws of the State of New Jersey, United 
States of America, of Rahway, New Jersey, 
United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us and the method by 
which it is to be performed, to be particularly 
described in and by the following statement: — 
This invention provides hemopeptides PI, 
-P2, H and S, new synthetic peptides in which 
hemopeptide PI has the peptide chain H-val- 
his - leu - ser - ala - glu - glu - lys - glu- 
ala - OH; hemopeptide P2 has the peptide 
chain H - val - his - leu - scr - ala - glu- 
glu-lys-gln-ala-OH, hemopeptide H has the 
pepdde chain H - val - his - leu - thr - pro- 
glu - glu - lys - ser - ala - OH; and hemopep- 
tide S has the peptide chain H - met - leu- 
thr - ala - glu - glu - lys - ala - ala - OH; 
their amides, esters and N-acyl derivatives, 
and protected derivatives thereof. The inven- 
tion is concerned with processes for preparing 
these hemopeptides by controlled stepwise syn- 
thesis whereby individual amino acid compon- 
ents of the peptide chain arc connected in the 
stated sequence by peptide linkages. The inven- 
tion also provides certain intermediate poly- 
peptides produced in the processes, viz, the 
protected derivatives of the pentapeptide H- 
glu - glu - lys - glu - ala - OH, the penta- 
peptide H - val - his - leu - ser - ala - OH, 
the pentapeptide H - glu - glu - lys - gln- 
ala - OH, the pentapeptide H - glu - glu - lys- 
ser - ala - OH, the pentapeptide H - val - his- 
lcu - thr - pro - OH, the pentapeptide H- 
glu - slu - lys - ala - OH, and the tctrapep- 



tide H - met - leu - thr -ala - OH. More 
particularly, the new hemopeptides are pre- 
pared either by successively introducing each of 
the individual amino acid components step- 
wise in sequence, or by synthesizing two or 
more segments of the peptide chain- followed 
by coupling of such segments in the stated 
sequence. 

Hemopeptides PI, P2, H and S are useful 
in inducing release and/or synthesis of hor- 
mone substances by living sy stern: ; .-and ~ - 
particularly valuable for effecting release of 
growth hormone by cells of the anterior pitu- 
itary. They are conveniently administered by 
injection, preferably by intracarotoid injection 
where release and/or synthesis of growth hor- 
mone is desired. 

Abbreviated designations for the amino acid 
components, their derivatives, and certain pre- 
ferred protecting groups used in this specifi- 
cation are as follows: 
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Amino Acid 

L-alanine 

L-glutamic acid 

L-glutamine 

L-histidine 

L-leucine 

L-lysine 

L-mcthioninc 

L-proline 

L-serine 

L-threoninc 

L-valinc 



Abbreviated 
Designation 

ala 
glu 
gin 
his 
leu 
lys 
met 
pro • 
ser 
• thr 
val 
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Derivatives; Protecting Abbreviated 
Groups Designation 



N-carboxyanhydridc NCA 

NHhioc^rboxyanhydride TCA 

5 Bcnzyloxycarbonyi Cbz 
(carbobenzexy) 

Tertiary -butoxycarbonyl tBOC 
N-hydroxysuccinimidc ester NHS. 

Methyl ester OMc 



10 In accordance with the present invention, 
hemopeptides PI, P2, H and S arc prepared 
by stepwise coupling (by peptide linkages) of 
their respective individual amino acid com- 
ponents, which peptide coupling is conducted 

15 by reacting the appropriate amino acid in the 
sequence (as a derivative in which the carb- 
oxyl grouping is activated and any amino 
groups are protected) first with alanine (the 
amino acid at the C-terminus i.e. carboxy end 

20 of the polypeptide chain), and then subse- 
quently with each resulting polypeptide inter- 
mediate, such stepwise method being referred 
to herein as sequential synthesis. Wh-n this 
sequential synthesis conducted in solution, it is 

25 ordinarily preferred to utilize, as the carboxyl- 
acrivated amino acid, the amino acid NCA, 
the amino acid TCA, the amino acid azidc, 
or an activated ester such as the NHS ester of 
such amino acid. These NCA and TCA 

30 sequential synthesis procedures arc more fully 
described in French Patent 1,497,536. 

Alternatively, the hemopeptides PI, P2, II 
and S are prepared using solid phase sequen- 
tial synthesis procedure starting from the C- 

35 terminus. In this procedure, the carboxyl end 
of the teftninai ammo acid, alanine (and of 
the polypeptide product in the following steps), 
is bound covalently to an insoluble polymeric 
resin support, as for example as the carboxyl ic 

40 ester of the resin -bonded benzyl alcohol pre- . 
sent in hydroxymethyl -substituted polystyrene- 
divinylbenzene resin. In this solid phase pro- 
cedure, the peptide coupling may involve 
direct condensation between the free carboxyl 

45 of an amino acid reactant and the amino group 
of the resin-bonded alanine or polypeptide. 
The reaction is ordinarily conducted in the 
presence of a coupling agent such as dicyclo- 
hexylcarbodiirnide, although the amino acid 

50 reactant may be in the form of a carboxyl - 
activated amino acid such as the NHS ester 
or an amino acid azide. 

Instead of sequential synthesis, hemopep- 
tides PI, P2, H and S can also be prepared 

55 by block synthesis, in which various peptide 
segments of the hemopeptide chains arc indi- 
vidually synthesized, and these are then 
coupled in proper sequence to form the desired 
polypeptide product. These peptide segments 

60 are themselves conveniently prepared by se- 
quential syn thesis in solution using NCA, 

TPA *>-t.A~ „~ MUC ~~ U.. 



activated NHS ester or amino acid azidc or, 65 
if desired, a free carboxyl-c containing amino 
acid reactant in conjunction with a coupling 
agent. The number of amino acid components 
in the peptide segments used in block syn- 
thesis of hemopeptides PI, P2, H and S may 70 
vary from two to eight, but peptide segments 
containing five amino acid components or 
fewer arc preferably used, thus avoiding con- 
densations involving larger peptide segments 
with attendant losses of these more valuable 75 
higher peptide fragments. 

In carrying out these sequential or block 
synthesis, involving reaction between carboxyl . 
(or activated carboxyl) of one amino acid and 
amino grouping of the other, it is ordinarily 80 
preferred to protect the amino groupings in 
the amino acid or . peptide undergoing re- 
action at the carboxyl end of the molecule, 
as well as other functional groupings in borh 
reactants reactive under the conditions of such 85 
syntheses Protecting groups must retain their 
protecting properties under the peptide coup- 
ling conditions, and must be selectively remov- 
able widiout affecting peptide linkages. Pro- 
tecting groups to be removed following a 90 
particular step must also be selectively remov- 
able without affecting other protecting groups 
to be retained in later coupling steps. 

Amino-protecting groups ordinarily used in- 
clude salt formation, which is particularly use- 95 
ful for protecting strongly-basic amino groups, 
acyl-type substituents such as formyl, phthalyl, 
trifluoroacetyl, toluenesulfonyl, dibenzylphos- 
phoryl, nitrophenylsulfenyl, tritylsulfenyl and 
o - nitrophenoxyacetyl, urcthane protecting 100 
substituents such as benzyl oxycarbonyl (carbo- 
benzoxy), p - methoxycarbobenzoxy, p-nitro- 
carbobenzoxy, r - butyloxycarbonyl, 2 - (j>- 
biphenylyl) - 2 - propyloxycarbonyl and iso- 
nicotinyloxycarbonyl, and alkyl-type substitu- 105 
ents such as triphenylmethyl, trialkylsilyl and 
trimethyl - silyl. It is preferred to use tert- 
butoxycarbonyl (tBOC) for protecting the cr- 
amino group in the amino acids (or peptides) 
undergoing reaction at the carboxyl end of the 110 
molecule, since the tBOC protecting group is 
readily removed following the reaction and 
prior to the subsequent step (when the cr- 
am i no group itself undergoes reaction) by 
relatively mild action of acids (e.g. trifluoro- 115 
acetic acid for 5 — 10 minutes). The mild acid 
treatment does not affect groupings such as 
carbobenzoxy (Cbz) and isonicotinyloxycarb- 
onyl, which are used to protect other amino 
groups such as the €-amino group of lysine, 120 
and are removable by vigorous action of a 
strong acid cleaving agent (e.g. hydrogen bro- 
mide in glacial acetic acid or anhydrous hydro- 
gen fluoride in the presence of anisole for 
approximately one hour). 125 

Carboxyl -protecting groups ordinarily used 
include amides, salt-formation, ester substitu- 
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the hydrazide, to the azidc is desired), the 
benzyl ester, and particularly the resin-bonded 
benzyl ester, used in solid-phase synthesis 
(which reacts directly with hydrazine to cleave 

5 the peptide from the resin and form the pep- 
tide hydrazide), p - nitrobcnzyl - ester, and 
/ - butyl ester. Hydroxy groupings are ordi- 
narily not protected in the synthesis of the 
hemopeptides where the coupling reactions 

10 are conducted in solution, although groups 
such as tctrahydropyranyl, benzyl, die 
trifluoroacetyl and f-butyl, may be used for 
such protection if desired. It is usually pre- 
ferred, however, to use these O-protecting 

15 substituents, and particularly the O-benzyl 
and' O - ( - butyl groups, preparing hemo- 
peptidc Pi, or the serine- or threoninc-con- 



taining segments in the chain by solid-phase 
synthesis. The imidazole nitrogen of histidinc 
may also be protected, if desired, preferably 20 
using an N-hydrocarbon (or substituted -hydro- 
carbon) substirucnt such as N-benzyl or N- 
(2,4 - dinitrophenyl). 

The selection of protecting groups is in part 
dictated by particular coupling conditions, in 25 
part by the amino acid and peptide com- 
ponents involved in the reaction. Guides for 
selecting particular protecting groups to be 
employed herein are set forth in detail in the 
aforesaid French Patent 1,497,536. 30 

The preferred overall procedure for pre- 
paration of hemopeptide PI is set forth dia- 
grammatically in the following reaction 
scheme 1. 
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This preferred overall procedure involves the 
combination of sequential and block syn- 
theses, in which certain peptide segments ot 
the dccapcptidc chain are initially formed by 
5 the stepwise method, cither by sequential syn- 
thesis in solution or by solid phase 
sequential synthesis and these seg- 
ments arc then coupled in proper 
sequence. In this procedure, the tBOC 
10 subsrituent is used to protect «-amino group- 
ings, the Cbz substitucnt is used to protect 
the e-amino group of lysine, and the methyl 
ester subsrituent is used to protect the carboxy 
groups of alanine, leucine, leucine - threonyl- 
15 alanine, histidyl - leucine, seryl - alanine, 
threonyl - alanine and threonyl - proline; the 
methyl ester also serves the further purpose of 
providing the intermediate compounds for pre- 
paring, via the hydrazide, tBOC - val - his- 
20 leu azide, tBOC - val - his - leu - scr - ala 
azidc and tBOC - val - his - leu - thr - pro 
azide. Instead of this preferred method, how- 
ever, the present invention also contemplates 
the various permutations of alternative routes, 
25 and use of other protecting groupings fulfill- 
ing criteria hereinabove discussed, such alter- 
native routes likewise involving sequential syn- 
thesis in solution, sequential synthesis in solid 
phase, and combinations of sequential and 
30 block synthesis procedures. 

As reference to reaction scheme 1 will show, 
the preferred overall procedure for preparing 
hemopeptidc PI specifically involves sequen- 
tial synthesis in solution of (a) the protected 
35 pentapeptide segment, H - glu - glu - € - Cbz- 
lys - glu - ala - OH, and (b) the carboxy l- 
activated, protected pentapeptide segment, 
tBOC - val - his - leu - ser - ala azide. The 
former pentapeptide is preferably prepared by 
40 reacting alanine with glu NCA, which reaction 
is conducted by vigorously agitating the rc- 
actants together in aqueous solution at pH 
10.2, under which conditions the reaction is 
ordinarily complete in one to two minutes. 
45 The alkaline solution is acidified thereby 
decomposing the intermediate carbamate to 
form an aqueous solution of H - glu - ala - OH. 
An approximately equal volume of ethanol is 
added, and the aqueous ethanolic solution of 
50 H - glu - ala - OH is reacted with the NHS 
ester of <t - tBOC - e - Cbz - lysine, prefer- 
. ably while maintaining the pH at about 8.0, 
to form <x - tBOC - € - Cbz - lys - glu - ala- 
OH. This protected tripeptide is preferably 
55 reacted with trifluoroacetic acid, thereby re- 
moving the tBOC protecting group, to form 
H - e - Cbz - lys - glu - ala - OH, which pro- 
tected tripeptide is precipitated from aqueous 
solution by adjusting the pH to 4.1. 
60 This H - € - Cbz - lys - glu - ala - OH 
is reacted with the N - carboxyanhydridc cf 
glutamic acid (glu-NCA), which reaction is 
preferably conducted by bringing the reactants 



reaction is ordinarily complete in one to two 
minutes. The alkaline reaction solution is 
acidified, thereby decomposing the intermed- 
iate carbamate to form a solution of H - glu- 
€ - Cbz - lys - glu - ala - OH which after 70 
adjusting the pH to 10.2, is then reacted with 
vigorous agitation with additional glu-NCA. 
The reaction solution is acidified, thereby de- 
composing the intermediate carbamate, and 
the pH of the aqueous solution is adjusted to 75 
3.5, thereby precipitating the protected penta- 
peptide, H-gtu-glu-c-Cbz-lys-glu-ala-OH; 

The terminal dipeptide segment of the other 
pentapeptide, in the form of its methyl ester 
trinuoroacctate, H - ser - ala - OMe 80 
F3CCOOH, is prepared by first reacting alan- 
ine' methyl ester with the NHS ester of N- 
tBOC - serine, preferably in dimethylform- 
amide solution under alkaline conditions (pre- 
ferably pH 8.0), thereby forming tBOC - ser- 85 
ala - OMe; this dipeptide is treated with tri- 
fluoroacetic acid thereby forming H - ser- 
r ala-OMe trinuoroacetate. 

The tripeptide in the hemopeptide PI 
sequence still to be synthesized, namely val- 90 
his-lcu, is prepared by reacting leucine methyl 
esrer with the N - thiocarboxy - anhydride 
of histidine (which is added as his - TCA 
HBr), preferably in aqueous solution with 
vigorous agitation at pH 9.5, under which 95 
conditions the reaction is ordinarily complete 
in about 20 minutes. The alkaline reaction 
solution is acidified thereby decomposing in- 
termediate thiocarbamate, and the acidified re- 
action solution is adjusted to pH 5.0, filtered 100 
to remove impurities, and evaporated in vacuo 
to give thr diper»riH.f H-hi^!,eu^PH in the form 
of its methyl ester; the crude material so 
obtained is purified by chromatography on 
silica gel using n-butanol : acetic acid: water as 105 
eluant to give H - his - leu - OMe diacetate. 
This H - his - leu - OMe diacetate is reacted 
with the NHS ester of N - tBOC - valine 
preferably in dimethylformamide solution 
under mildly alkaline conditions (preferably 110 
ph 8.0) to form the tripeptide, tBOC - val- 
his - leu - OMe, which is reacted with hydra- 
zine, and the resulting hydrazide treated with 
nitrous acid, thereby forming tBOC - val-. 
his - leu azide. 115 

The tBOC - val - his - leu azide is reacted 
with H - ser - ala - OMe trifluoroacetate 
preferably in dimethylformamide solution 
under mildly alkaline conditions (preferably 
pH 8.0) to form the corresponding protected 120 
pentapeptide, tBOC - val - his - leu - ser- 
ala - OMe, which is, in turn, reacted with 
hydrazine, and the hydrazine treated with 
nitrous acid, thereby forming tBOC - val - his- X* 
leu - ser - ala azide. 125 

The two protected penta peptides, glu - glu- 
€ - Cbz - lys - glu - ala and tBOC - val - his- 
leu - ser - ala azide are preferably reacted, in 
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by forming the protected decapeptide, tBOC- 
val - his - leu - scr - ala - glu - glu - <:- 
Cbz - lys - glu - ala - OH. 

The tBOC - val - his - leu - ser - ala - 

5 glu - glu - e - Cbz - lys - glu - ala - OH, or 
other protected derivative of hemopeptidc PI, 
is then subjected to the vigorous action of a 
strong acid cleaving agent, for example an 
anhydrous hydrohalic acid per sc, or in solu- 

10 tion in substantially anhydrous non-hydroxy- 
lic, substantially non-basic, organic solvent for 
said hydrohalic acid, as for example anhydrous 
hydrogen fluoride, hydrogen bromide in glacial 
acetic acid, and hydrogen chloride in ethyl 

15 acetate, thereby removing the protecting groups 
to form H-val-his-Ieu-ser-ala-glu-glu- 
lys - glu - ala - OH, the unsubstitutcd hemo- 
peptidc PL It is generally advantageous to 
use in this strong acid-cleaving reaction a 

20 carbonium ion scavenger such as anisole, vera- 
trole, dimethylsulfide and methionine, which 
serves to trap the liberated protecting sub- 
stituent, following cleavage, in a non-rcacrive 
form. 

25 As reference to reaction scheme 2 will 
show, rhe preferred overall procedure for pre- 
paring hemopeptide P2 specifically involves 
sequential synthesis in solution of (a) the pro- 
tected pentapeptide segment, H - glu - g!u- 
30 € - Cbz - lys - gin - ala - OH, and (b) the 
carboxyl-activated, protected pentapeptide seg- 
ment tBOC - val - his - leu - scr - ala azide. 
The former pentapeptide is prepared by react- 
ing alanine with gin NCA, which reaction is 
35 preferably conducted by vigorously agitating 
the reactant together in aqueous solution at 
pH 10.2, under which conditions the reaction 
L .i^narily complete in one to two minutes. 
The alkaline solution is acidified thereby de- 
40 composing the intermediate carbamate to form 
an aqueous solution of H - gin - ala - OH. 
An approximately equal volume of ethanol is 
added, and the aqueous ethanolic solution of 
H - gin - ala - OH is reacted with the NHS 
45 ester of <t - tBOC - € - Cbz - lysine, preferably 
while maintaining the pH at about 8.0, to 
form a - tBOC - € - Cbz - lys - gin - ala - OH. 
This protected rripeptide is reacted with tri- 
fluoroaceric acid, thereby removing the tBOC 
50 protecting group, to form H - € - Cbz - lys- 
gln - ala - OH, which protected rripeptide is 
precipitated from aqueous solution by adjust- 
ing the pH to 5.2. 

The H-€-Cbz-lys-gln-ah-OH is reacted 
55 with the N - carboxyanhydride of glutamic 
acid (glu-NCA), which reaction is preferably 
conducted by bringing the rcactants together 
in aqueous solution with vigorous agi- 
tation at pH 10.2, under which conditions 
60 reaction is ordinarily complete in one to two 
minutes. The alkaline reaction solution is 
acidified, thereby decomposing the interme- 
diate carbomatc to form a solution of H - glu- 
€ - Cbz - lvs - eln - ala - OH which, after 



vigorous agitation with additional glu-NCA: 
The reaction solution is acidified, thereby de- 
composing the intermediate carbamate, and 
the pH of the aqueous solution is adjusted to 
3.7, thereby precipitating the protected penta- 
peptide H - glu - glu - e - Cbz - ly^ - gln- 
ala - OH. 

The other pentapeptide in protected form, 
namely the tBOC - val - his - leu - ser - ala- 
OMe, is prepared as hereinabove described 
in connection with the synthesis, of hemopep- 
tide PI, and the latter is, in rum, reacted with 
hydrazine, and the hydrazine treated with 
nitrous acid, thereby forming tBOC - val- 
his - leu - ser - ala azide. 

The two protected pehtapeptides, H - glu- 
glu - e - Cbz - lys - gin - ala - OH and 
tBOC - val - his - leu - scr - ala azide arc 
reacted , in dimethy If orm amide solution under 
mildly alkaline conditions (preferably pH 8.0), 
thereby forming rhe protected decapeptide, 
tBOC - val - his - leu - ser - ala - glu - glu- 
€ - Cbz - lys - gin - ala - OH. 

The tBOC - val - his - lcur - scr - ala ^glu- 
glu - € - Cbz - lys - gin - ala - OH, or other 
protected derivative of hemopeptidc P2, is 
then subjected to the vigorous action of a 
strong acid cleaving agent as for example an- 
hydrous hydrohalic acid per se, or in solution 
in substantially anhydrous nonhydroxylic, sub- 
stantially non-basic, organic solvent for said 
hydrohalic acid, as for example anhydrous 
hydrogen fluoride, hydrogen bromide in glacial 
acetic acid, or hydrogen chloride in ethyl acet- 
ate, thereby removing the protecting groups 
to form H - val - his - leu - scr - ala - glu- 
glu - lys - gin - ala - OH, the unsubstituted 
hemopeptide P2. It is generally advantageous 
to utilize in this strong acid cleaving reaction 
a carbonium ion scavenger such as anisole, 
veratrole, dimethyl sulfide, or methionine, 
which serves to trap the liberated protecting 
substituent, following cleavage, in a non- 
reactive form. 

As reference to reaction scheme 3 will show, 
the preferred overall procedure for preparing 
hemopeptide H specifically involves sequential 
synthesis in solution of (a) the protected 
pentapeptide segment, H - glu - glu - c - Cbz- 
lys - ser - ala - OH, and (b) the carboxyl- 
activated, protected pentapeptide segment, 
tBOC - val - his - leu - thr - pro azide. The 
former pentapeptide is prepared by reacting 
alanine methyl ester with the NHS ester of 
N - tBOC - serine preferably in dimethylform- 
amide under mildly alkaline conditions (prefer- 
ably pH 8.0). The resulting dipeptidc, tBOC- 
scr - ala - OMc is subjected to selective treat- 
ment with acid, preferably trifluoroacetic acid, 
thereby removing the tBOC protecting group 
and forming the free <t - amine, H - ser - ala- 
OMc. The H - ser - ala - OMc is reacted, 
preferably in dimcthylformamidc, with the 
NHS ester of <x - tBOC - e - Cbz - lysine to 
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OMc. The protected tripeptide is reacted first 
widi aqueous alkali thereby hydrolysing the 
methyl ester grouping; and then with trifluoro- 
acctic acid, thereby removing the tBOC pro- 
5 tccting group, to form H - <: - Cbz - lys - scr- 
ala - OH, which protected tripeptide is pre- 
cipitated from aqueous solution by adjusting 

the pH to 5.05. 

The H - * - Cbz - lys - ser - ala - OH is 

10 reacted with the N - carboxy anhydride of 
glutamic acid (glu-NCA), which reaction is 
preferably conducted by bringing the reactants 
together in aqueous solution with vigorous 
agitation at pH 10.1, under which conditions 

15 reaction is ordinarily complete in one to two 
* minutes. The alkaline reaction solution is 
acidified, thereby decomposing the interme- 
diate carbamate to form a solution of H - glu- 
e Cbz - lys - ser - ala - OH which, after 

20 adjusting the pH to 10.1, is then reacted with 
vigorous agitation with additional glu - NCA. 
The reaction solution is acidified, thereby de- 
composing the intermediate carbamate, and 
the pH of the aqueous solution is adjusted to 

25 3.6, thereby precipitating the protected penta- 
peptide H - glu - glu - c - Cbz - lys - aer- 
ala - OH. 

. The terminal dipeptidc segment of the other 
pentapeptide, in the form of its methyl ester 

30 hydrochloride H - thr - pro - OMe HCl, is 
prepared by first reacting proline with the 
NHS ester of N - tBOC - threonine, prefer- 
ably in dimethylformamide solution under 
alkaline conditions (preferably pH 10.0), there- 

35 by forming tBOC - thr - pro - OH; this di- 
peptide . is treated with trifluoroacetic acid 
thereby forming H - thr - pro - OH trifiuoro : 
acetate. This thr-pr^ trif.vgroacetate is then 
reacted with a methylating agent, for example 

40 methanol in the presence of thionyl chloride 
catalyst, thereby forming the methyl ester of 
H - thr - pro - OH which is recovered from 
the reaction mixture in the form of its hydro- 
chloride. 

45 The tripeptide in the hemopeptide H 
sequence still to be synthesized, namely H- 
val - his - leu - OH, is prepared as herein- 
before described in connection with hemopep- 
tide PI. 

50 The tBOC - val - his - leu azide, obtained 
- as hereinbefore described, is reacted with 
H - thr - pro - OMe, preferably in dimethyl- 
" formamide solution under mildly alkaline con- 
ditions (preferably pH 8.0), to form the 

55 corresponding protected pentapeptide, tBOO- 
val - his - leu - thr - pro - OMe, which is, in 
turn, reacted with hydrazine, and the hydra- 
zide treated with nitrous acid, thereby form- 
ing tBOC - val - his - leu - thr - pro azidc. 

60 The two protected pentapeptides H - glu- 
glu - € - Cbz - lys - ser - ala - OH and 
tBOC - val - his - leu - thr - pro azide, arc 
reacted in dimethylformamidc solution under 
mildly alkaline conditions (preferably pH 8.0), 



tBOC - vaJ - his - leu - thr - pro - glu- 
glu - € - Cbz - lys - ser - ala - OH. 

The tBOC - val - his - leu - thr - pro - glu- 
glu - € _ Cbz - lys - ser - ala - OH or other 
protected derivative of hemopeptide H, is then 70 
subjected to the vigorous action of a strong 
acid cleaving agent as for example anhydrous 
hydrohalic acid per se, or in solution in an- 
hydrous norwhydroxylic, non-basic, organic 
solvent for said hydrohalic acid, as for ex- 75 
ample anhydrous hydrogen fluoride, hydrogen 
bromide in glacial acetic acid, and hydrogen 
chloride in ethyl acetate, thereby removing the 
protecting groups to form H - val - his - lcu- 
thr - pro - glu - glu - lys - ser - ala - OH, 80 
the urtsubstituted hemopeptide H. 

As reference to reaction scheme 4 will show, 
the preferred overall procedure for preparing 
hemopeptide S specifically involves sequential 
synthesis in solution of (a) the protected penta- 85 
peptide segment, H - glu - glu - « - Cbz - lys- 
ala - ala - OH and (b) the carboxyl-acuvatcd 
protected terxapeptidc segment, tBOC - met- 
leu - thr - ala azide. The stated pentapeptide 
is prepared by reacting alanine with ala 90 
TCA, which reaction is preferably 
conducted by vigorously agitating the re- 
actants together in aqueous solution at pH 9.5, 
under which conditions the reaction is ordin- 
arily complete in about ten minutes. The 95 
alkaline solution is acidified thereby decom- 
posing the intermediate carbamate to form an 
aqueous solution of H - ala - ala - OH. An 
approximately equal volume of ethanol is 
added, and the aqueous ethanolic solution of 100 
H - ala - ala - OH is reacted with the NHS 
ester of <r - tBOC - « - Cbz - lysine, prefer- 
ably while maintaining the pH at about 8.0, 
to form <r - tBOC - * - Cbz - lys - ala - aLa- 
OH. This protected tripeptide is reacted with 105 
trifluoroacetic acid, thereby removing the 
tBOC protecting group to form H - € - Cbz- 
lys - ala - ala - OH, which protected tripeptide 
is precipitated from aqueous solution by ad- 
justing the pH to 4.1. HO 

This H - e - Cbz - lys - ala - ala - OH is 
reacted with the N - carboxy - anhydride of 
glutamic acid (glu-NCA), which reaction is 
preferably conducted by bringing the reactants 
together in aqueous solution with vigorous 115 
agitation at pH 10.0, under which conditions 
reaction is ordinarily complete in one to two 
minutes. The alkaline reaction solution is 
acidified thereby decomposing the intermediate 
carbamate to form a solution of H - glu - e- 120 
Cbz - lys - ala - ala - OH which, after adjust- 
ing the pH to 10.0, is then reacted with 
vigorous agitation with additional glu-NCA. 
The reaction solution is acidified thereby de- 
composing the intermediate carbamate, and 125 ' 
die pH of the aqueous solution is adjusted to 
4.1, the water is evaporated in vacuo, and the 
residual material is purified by chromato- 
graphy to give the protected pentapeptide 
u „t.. , ru-r - w m-» oio nw i^o 



11 



1.363,801 



11 



The terminal dipeptide segment of the 
lc ^pude residue, in the form of us mgh> 

< ff c? Sth the NHS ester of cBOC- 

5 mc methyl cs £ ; dimcthylformam.de 

,5 ,h" proKKd <rip=pride « [ratrf "* B Sc 
" fiuoroaceoc .cid th ? by ronovmg *. tBOC 

SSTriCS "*T»cJ«i*l MRS 
0 JVrOC - mo, preferably in dimethyl- 

SSTSfe i ^.ccd wi,h hydra- 

30 alkaline conditions (preferably pH 8 0), there 
by forming the protected nonapept.de, tBOC 
met - leu - thr - ala - glu - glu - « - Cbz - lys 

ala Tne a So"c° H mct - leu - thr - ala - glu - glu-, 
« , Cbz - lvs - a!a - ala - OH, or other pro- 
35 ecte? derive of hemopeptide S * then 
subjected to the vigorous action of a strong 
add cleaving agent as for examplt a , < -~- ■ r- 
drous hydrohalic acid per se, or in solution m 
40 f^ostLially anhydrous nortydrcyUc sub- 
stantially non-basic organic solvent for the 
Xohalic acid, as for example achy drou, 
Keen fluoride, hydrogen bromide in glacial 
Zed? add, or hydrogen chloride in ethyl acet- 
45 a« Aereby removing the protecting groups «, 
form H - met - leu - thr - ala - glu - glu - lys- 
aU^ 3a - OH, the unsubstituted hemopeptide 
S It is generally advantageous to utihzc in 
diis strong acid cleaving reaction a carbomun 
50 Si Sanger such as anisole, veratrole d,- 
9 meth^ sulfide, or methionine, 

trap the liberated protecting subsatucnt, fol 
" lowine cleavage, in a non-reacave form. 

mile it is preferred, in the practice of th:s 
55 invention, to use the foregoing protected tetra- 
Deptide, pentapeptide, nonapeptidc and deca- 
ESe derivatives, other ammo-protecung 
£oups such as those outlined herein above mav 
be u*d; in addition the carboxy group of 
60 alanine the imidazole nitrogen of h.sud.ne, 

mav also be protected as hereinabove dis- 
Xd Shus. rhe novel peptides of the p«enc 

. \~r\^A<- v. ( -mnocotidcs PI, I A n ana 



tj v ,i . his - leu - scr - ala - OH, H g u 
Su"- lis glu -ala -OH, H - glu - glu- 
S-gi-lln-OH, H - val - h>s - leu- 70 
S-pro-OH, H-glu -g u-lys -^ - 
5a - OH and H - glu - glu - lys - ala - a 
OH, in which derivatives the — groups 
of Wline and methionine, and the f -aimno 
group of lysine are protected with ^ P* 
fecting substituents charactenzed as bang re- 
movable without substantial cleavage of pep- 
ride bonds; and in which the hydroxyl group of 
thrS and/or the hydroxyl group of sennc 

fer.tr-ala-glu-glu-lys-g^-^- 
% H - val - his - leu - thr - pro - glu- 
glu 1 '.' 1^ - ser - ala - NH„ and H - met - leu- 
fhr - ala - glu - glu - lys - ala - ala _NH ^ 
their esters such as H - val - his - leu - *cr-au 
5T-ST- h* - glu - ala - OH acetate; H-val- 
8 hL - ku - sS - ala - glu - glu lys - glu - 
OH phosphate, H-val-his-his-leu-ser-ala-glu- 
glu-lyVgln-ala-OH acetate, H-vaMus-ku- 
scr - all - glu - glu - lys - gin - ala - ° H 
Sosphate, H - val - his - leu - thr - pro - ghi- 
glu - lys - scr - ala-OH acetate, H - val - his- 
feu - thr - pro- glu - glu - lys - ser - aia - OH 
phosphate, H - met - leu - thr - ala - glu- 
elu - lys - ala - ala - OH acetate, H - met- iw 
£ - *r - ala - glu - glu - lys.- ala - a a- • 
OH phosphate, their N-acyl denvatives »ch 
« y. frnnyl - val - his ^ leu - ser - ala - glu- 

" Su -"lys - g* u - ala " 0H ' N ," *f yl ," nS" 105 
His - £ - ser - ala - glu - glu-lys-glu-ala-OH, 105 

N - formyl - val - his - leu - ser - ala - glu- 

Su - lys - gin - ala - OH, N - acetyl - val- 

£ - lS - seT- ala - glu - glu - lys - gin - 
OH, N- formyl -val -his -leu- thr ^pro- 

elu - glu - lys - ser -ala - OH, N - acetyl 
val -Ws-1«- thr -pro -glu -glu - ys- 

ser - ala - OH, and N - formyl - met - leu 

thr - ala - glu - glu - lys : ala - ala - HO, 

as well as protected derivatives _ of the : hemo- 

peptides, such as tBOC - yal - hss - leu - ser- 115 

ala - elu - glu - « - Cbz - lys - glu - a a - OH, 

So^af-his-leu-s^ 

, - Cbz - lys - gin - ala - OH, tBOC val 
his - leu - thr - pro- glu - glu - e - Cbz - lys 

2 - ala - OH, tBOC - met - leu - thr - ala- 120 
7lu - glu - c - Cbz - lys - ala - ala - OH, 
L useful in inducing release °f honnonesub- 
stances by living systems of the vertebrates, 
and are particularly valuable for ^ 
lease and synthesis of growth hormones by l-W 
cells of the anterior pituitary of mammals; 
£ hemopeptides PI, P2, H and S and sub- 
Suted datives thereof, arc of value ui 
oromoung rapid and/or maximal gro%vth of 
promouus k ( ,^^5,, v ^ ur jn ccr taut 1: 
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types of dwarfism. The hemopeptides and 
their substituted derivatives are conveniently 
administered by injection, or by absorption 
through mucous membranes (e.g. by sublin- 

5 gual, intra-nasal administration); oral admin- 
istration may also be employed using deriva- 
tives resistant to gastric digestion. In order to 
obtain a direct effect on the anterior pituitary, 
intra<arotid injection of the hemopeptides, 

10 and their substituted derivatives, is ordinarily 
utilized at a dosage level of 0.05 — 0.5 micro- 
grams per kg. of body weight per day to obtain 
growth hormone release, and up to about 0.1 
milligrams per kg. of body weight for an in- 

15 dividual dose where synthesis of growth hor- 
mone is desired. 

The following Examples illustrate methods 
of carrying out the present invention. 

Example 1. 

20 - About 1.78 g. of ala is dissolved in 200 ml. 
of 1M aqueous potassium borate buffer* solu- 
tion (pH=10.2), the solution is cooled ;o 
about 0°C, and about 3.63 g. of glu NCA 
is added to the solution over a period of one 

25 minute, during which time the mixture is 
vigorously agitated (preferably using a Waring 
blender) while maintaining the temperature at 
0°C. and the pH is 10.2 by the dropwisc 
addition of 50% aqueous potassium hydroxide. 

30 The reaction is allowed to proceed, while con- 
tinuing agitation and maintaining temperature 
at 0°C. and pH at 10.2, until base consump- 
tion ceases (about 1 minute); sufficient con- 
centrated sulfuric acid is added to bring pH 

35 to 3.0; and nitrogen is bubbled through the 
acidified reaction mixture for about 15 min- 
utes, thereby sweeping carbon dioxide from 
the resulting solution of H - glu - ala - OH. 

Example 2. 

40 To the aqueous solution of H - glu - ala- 
OH, prepared as described in Example 1, is 
added 200 ml. of ethanol, and the pH is 
adjusted to 8.0 by the addition of 50% 
aqueous potassium hydroxide solution. About 

45 9.54 g. NHS ester of a - tBOC - * - Cbz- 
lys - OH is added with stirring to this glu- 
ala - OH solution, while maintaining the tem- 
perature at about 25°C. and the pH at 8.0 by 
the dropwise addition of 50% aqueous sodium 

50 hydroxide solution. When base consumption 
ceases, the reaction solution is filtered, the 
ethanol is evaporated therefrom in vacuo, and 
the aqueous reaction solution is extracted with 
300 ml. of ethyl acetate, thereby extracting 

*This buffer is conveniendy prepared as 
follows: one mole of boric acid is slurried in 
500 ml. of water, and solid potassium hydrox- 
ide merely sufficient to dissolve the boric acid 
is added; additional potassium hydroxide is 
then added to bring the pH to 10.2, the solu- 
tion is diluted to 990 mi., the pH is again 
adjusted to 10.2, and the solution diluted to a 



unrcactcd NHS ester present in said solution. 55 
The pH of the aqueous reaction 
solution is then adjusted to 3.7 
by the addiuon of concentrated 
sulfuric add, and the acidified solution is 
extracted with three 300-ml. portions of ethyl 60 
acetate; these latter cdiyt acetate extracts arc 
combined and dried over anhydrous sodium 
sulfate, and the ethyl acetate evaporated there- 
from in vacuo to form a heavy oil. Thin-layer 
chromatography on silica gel, using n-butanol- 65 
pyridine - acetic - acid - water (30:20:6: 
24) as cluant, shows the product to consist 
mainly of « - tBOC - e - Cbz - lys - glu - ala- 
OH, with a trace (less than 1%) of a faster- 
moving impurity. 70 

Example 3. 
This a - tBOC - € - Cbz - lys - glu - ala- 
OH oil is dissolved in about 50 ml . of methyl- 
ene chloride, the solution is cooled to 15°C, 
about 60 ml. of trifluoroaceric acid is added, 75 
and the temperature of the mixture is allowed 
to, rise to about 22°C. over a five minute 
period. The reaction solution is cooled 10 
0°C, and echer is added, while maintaining 
the temperature at 0°C, thereby precipitating go 
H - * - Cbz - lys - glu - ala - OH tnfluoro- 
acetate. The precipitated material is recovered 
by filtration, dissolved in water, the pH of the 
solution is adjusted to 4.1 by the addition 
of 2.5N aqueous sodium hydroxide solution, 85 
and the crystalline material which separates is 
recovered by filtration and dried to give about 
4.5 g. of substantially pure H - « - Cbz - lys- 
glu - ala - OH. 

Example 4. orj 
4.22 g. of the H - Chj. - Iv*u gju - ala- 
OH is dissolved in 90 ml. of 'lM aqueous 
potassium borate buffer solution (pH = 10.2), 
the solution is cooled to about 0°C, and 
1.60 g. of giu-NCA is added to the solution 95 
over a period of about 0.5 minutes, during 
which time the mixture is vigorously agitated 
while maintaining the temperature at 0°C. 
and the pH at 10.2 by the dropwise addition 
of 50% aqueous potassium hydroxide solution. 100 
The reaction is allowed to proceed, while con- 
tinuing agitation and maintaining temperature 
at 0°C. and pH at 10.2, until base consump- 
tion ceases; sufficient concentrated sulfuric 
acid is added to bring pH to 2.5; and nitrogen 105 
is bubbled through the acidified reaction mix- 
ture for about 30 minutes, thereby sweeping 
carbon dioxide from the resulting solution of 
H - glu - € - Cbz - lys - glu - ala - OH. 

Example 5. no 
The solution of H - glu - * - Cbz - lys- 
glu - ala - OH, prepared as described in Ex- 
ample 4, is adjusted to pH of 10.2 at 0°C. 
by the addition of 50% aqueous potassium 
hydroxide solution, and about 1.678 g. of giu- 115 
NCA is added to the solution over a period 
of about 0.5 minutes, while viVoronslv a<nV*r_ 
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aire at 0°C. and the pH at 10.2 by the addi- 
tion of 50% aqueous potassium hydroxide 
solution. The reaction is allowed to proceed, 
while continuing agitation and maintaining 
5 temperature at 0°C and pH at 10.2, until 
base consumption ceases. The reaction solution 
is filtered; sufficient concentrated sulfuric acid 
is added to the filtered solution to bring the 
pH to 3.5; and the precipitated material is 
10 recovered by filtration, washed with water, 
and dried in vacuo to give about 4.9 g. of 
H - glu - glu - c 1 Cbz - lys - glu - ala - OH, 
which may contain up to about 15% of tetra- 
pepride and 3% hexapeptide impurities. This 
15 material is subjected to free flowing electro- 
phoresis at pH 7.0 in 0.143M 2,6 - lutidine- 
accfic acid buffer, to give about 2.32 g of 
substantially pure H - glu - glu - € - Cbz- 
lys - glu - ala - OH. 
20 Example 6. 

About 4.34 g. of H - leu - OMe hydro- 
chloride is dissolved in about 240 ml. of 1M 
aqueous potassium borate buffer solution 
(pH = 9.5), the solution is cooled to about 
25 0°C, and about 10.01 g. of his-TCA hydro- 
bromide is added to the solution over a period 
of 10 minutes, during which time the mixture 
is vigorously agitated while maintaining the 
temperature at 0°C and the pH at 9.5 by 
30 the dropwise addition of 50% aqueous potas- 
sium hydroxide solution. The reaction is 
allowed to proceed, while continuing agitation 
and maintaining temperature at 0°C. and pH 
at 9.5, until base consumption ceases (about 
35 10 minutes); sufficient concentrated sulfuric 
. acH iy^added to bring pH to 5.0; the acidified 
reaction solution is filtered, and the filtered 
solution is evaporated to dryness in vacuo. 
The residual material, which contains both 
40 his and H-leu-OMe, is subjected to chromato- 
graphy on silica gel using n-butanol- acetic 
acid-water (10: 2.3 : 6) as eluant, to give about 
7.0 g. of substantially pure H - his - leu - OMe 
diacetate. 
45 Example 7. 

About 2.4 g. of H - his - leu - OMe 
diacetate is dissolved in 140 ml. of dimethyl- 
formamide, about 2.23 g. of NHS ester of 
. tBOC-val i5 added with stirring at 25 °C, 
50 and the pH of the solution is adjusted to 8.0 
by the addition of trie thy lam ine. The resulting 
solution is allowed to stand for a period of 
about 20 hours, with occasional adjustment of 
the pH to 8.0 by addition of triethylamiue. 
55 The reaction solution is evaporated to dryness 
in vacuo, and residual material is dissolved in 
400 ml. of water. The aqueous solution is 
extracted with three 400-ml. portions of 
chloroform. The combined organic extracts 
60 are dried over anhydrous sodium sulfate and 
evaporated to dryness in vacuo, and the resi- 
dual oil is triturated with ether to give a 

rrv^rallin** marrrinl whirh i^ rrmverrd hv fil- 



Examplc 8. 
To about 2.8 g. of tBOC-val-his-leu- 
OMe is added 20 ml. of 1:1 mixture of 
anhydrous hydrazine and methanol. The re- 
sulting mixture is stirred for about 3 minutes 70 
at room temperature (solution is ordinarily 
complete in about 1 minute, and precipitate 
forms after about 2 minutes), and the reaction 
mixture is then evaporated in vacuo at a tem- 
perature of about 35°C About 10 ml of 75 
ethanol is added to the residual material, and 
the resulting mixture is evaporated in vacuo; 
about 10 ml. of dimethylformamide is then 
added and the resulting, mixture is evaporated 
in vacuo. The residual solid is dried in vacuo 80 
at room temperature for a period of about 
15 hours, and crystallized from methanol ;o 
give about 2.2 g. of tBOC - val - his - leu 
hydrazide. 

Example 9. 85 
1.0 g of tBOC - val - his - leu hydrazide 
prepared as described in Example 8, is sus- 
pended in 30 ml. of freshly degassed dimethyl- 
formamide, and the suspension is cooled to a 
temperature of — 40° C and maintained under 90 
a dry nitrogen atmosphere to exclude moisture. 
To the cold suspension is added, with stirring, 
a solution of 624 ml. of 2N hydrogen chloride 
in tetrahydrofuran followed by 0.3 ml. of iso- 
amyl nitrite. The resulting mixture is main- 95 
tained under a dry nitrogen atmosphere at' a 
temperature of - 15°C to - 20° C for a 
period of about 1 hour, at the end of which 
time the hydrazide has completely reacted to . 
. form tBOC - val - his - leu azide, as may 100 
be demonstrated by thin-layer chromatogn:p f ; • 
on silica gel G using die solvent system 
chloroform-ethanol- water (5:5:1). 

Example 10. 
About 5.56 g. of H - ala - OMe hydro- 105 
chloride and about 12.08 g. of the NHS ester 
of tBOC-ser are dissolved in 400 ml. of freshly 
degassed dimethylformamide. The resulting 
solution is adjusted to pH 8.0 by the addition . 
of diisopropylethylamine, and stirred for a 110 
period of about four hours, while maintaining 
the temperature at about 25 °C. and the pH 
at 8.0 by the addition of diisopropylethyl- 
amine. The reaction mixture is evaporated in 
vacuo, the residual oil is dissolved in methyl- 115 
ene chloride, and the methylene chloride solu- 
tion is washed twice with 0.2 N aqueous sul- 
furic acid solution saturated with sodium sul- 
fate, once with saturated aqueous sodium 
chloride solution, twice with satur- 120 
ated aqueous sodium bicarbonate 
solution, and finally twice with m 
saturated aqueous sodium chloride solution. 
The washed methylene chloride solution «s 
then dried over anhydrous sodium sulfate, 125 
evaporated in vacuo, and the residual oil is 
rrv^rallivd from ethvl acetate - hexane to 
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Example 11. 
About 6.0 g. of this tBOC - scr - aia- 
OMc is dissolved (at a temperature of about 
0°C) in the minimum quantity of trifluoro- 

5 acetic acid, the solution is stirred at a tem- 
perature of about 25 °C. for a period of about 
45 minutes, and the solution is then added 
dropwisc with vigorous stirring to a large 
volume (about 100 ml.) of ether. The material 

10 which precipitates is recovered by filtration, 
washed with ether, and dried in vacua to give 
about 4.97 g. of H - ser - ala - OMc trifluoro- 
acctate. 

Example 12. 

15 The reaction solution containing tBOC- 
val - his - leu azidc, prepared as described in 
Example 9, is cooled to a temperature ot 
— 40° C, and to this is added a solution of 
630 mg. of H - ser - ala - OMc trifluoro- 

20 acetate in 10 ml. of degassed dimethylform- 
amide. The pH of the resulting solution is 
adjusted to 8.0 by the addition of diisopropyl- 
ethylamine, and the mixture is maintained at 
a tempera cure between about — 20°C and 

25 _ 15°C. (with periodic adjustment of the pH 
to 8.0 by addition of diisopropylethylamine) 
for a period of about 20 hours, at the end of 
which time die reaction to form the penta- 
peptide is substantially complete, as may be 

30 shown by thin layer chromatography on silica 
gel G using the solvent system ethyl - acetatc- 
pyridiae - acetic - acid - water (10: 5:1:3). 
The reaction solution is evaporated in vacuo; 
the residual material is triturated with ethyl 

35 acetate ; and the resulting solid material is 
washed three times with ethyl acetate, and 
crystallized from ethanol - ethyl - acetate to 
give about 0.8 g. of subsTanuallv pure tBOC- 
val - his - icu". sex -~aia - OMe. 

40 Example 13. 

To about 790 mg. of tBOC - val - his- 
lcu - ser - ala - OMe is added 9 ml. of an 
anhydrous 1 : 1 mixture of hydrazine and 
methanol. The resulting mixture is stirred for 

45 about 3 minutes at room temperature, at the • 
end of which time solution is substantially 
complete. The resulting solution is evaporated 
in vacuo at a temperature of about 35°C, 
about 10 ml. of ethanol is added to the resi- 

50 dual material, and the resulting solution is 
evaporated in vacuo. The residual material is 
. dissolved in a minimum quantity 
of chloroform - methanol - water (60: 
40 : 10), and the solution is passed 

55 through a dry column of 50 g. of 
silica gel H, thereby removing traces of un- 
reached hydrazine (as shown by thin layer 
chromatography on silica gel G) and the sol- 
vent is evaporated in vacuo to give about 550 

60 mg. of tBOC - val- his - leu - ser - ala hydra- 
zide. 

Example 14. 
528 mg. of tBOC - val - his - Icu - scr - ala 
hvdrazide. orcoared as described in Examnlr 



13, is dissolved in 100 ml. of freshly degassed 65 
dimethylformamidc; the solution, which is 
maintained under a dry nitrogen atmosphere, 
is cooled to about — 40 o C, and about 9.6 ml. 
of 2N anhydrous hydrogen chloride in terra - 
hydrofuran is added with stirring. About 0.12 70 
ml. of isoamyl nitrite is then added, and the 
resulting mixture is maintained at a tempera- 
ture between about — 20°C and — 15 °C for 
a period of about one hour, at the end of 
which time the hydrazide has completely re- 75 
acted to form tBOC - val - his - leu - scr - ala 
azidc, as may be demonstrated by thin-layer 
chromatography, utilizing the solvent system 
chloroform -methanol -water (60:40:10). 

Example 15. 80 
To the solution of tBOC - val - his - leu- 
scr - ala azide in dimethylformamide, prepared 
as described in Example 14, is added about 
612 mg. of H - glu - glu - € - Cbz - lys- 
glu - ala - OH, and the mixture is stirred at 85 
about -20°C. until the azide goes into solu- 
tion. The temperature of the solution is then 
adjusted to — 40°C, the pH is adjusted to 8 
by the addition of diisopropylethylamine, and 
the solution is maintained at a temperature 90 
between about — 20°C. and - 15°C, with 
periodic adjustment of pH to 8.0 by addition 
of diisopropylethylamine, for a period of 
about 20 hours, at the end of which time 
the reaction to form the decapeptide is sub- 95 
stantially complete, as may be shown by thin- 
layer chromatography on silica gel G using 
the solvent system butanol - pyridine - acetic 
acid-water (30 : 20 : 6 : 24). The reaction mix- 
ture, which contains a gelatinous precipitate, 100 
is evaporated in vacuo; the residual material 
is triturated and washed with water; and the 
water- washed material is dissolved in 50% 
aqueous acetic acid, and the solution passed 
through a superfine gel filtration column 105 
(thereby separating a small amount of im- 
purity) to give about 474 mg. of tBOC - val- 
his - leu - ser - ala - glu - glu - e - Cbz- 
lys - glu - ala - OH. 

Example 16. .110 
40 mg. of tBOC - val - his - leu - ser - ala- 
glu - glu - e - Cbz - lys - glu - ala- OH is dried 
in vacuo over phosphorus pentoxide for a 
period of about 15 hours, thereby removing 
traces of water, and the resulting dry material H5 
is placed in a polyethylene tube containing 
about 0.3 ml. of anisolc. The mixture is 
cooled to a temperature of about — 35°C, 
one ml. of anhydrous hydrogen fluoride is 
condensed in the tube, and the resulting mix- 120 
cure is stirred at a temperature of about 0°C. 
for a period of about 45 minutes. At the end. 
of this reaction period, a stream of dry nitro- 
gen is passed through the mixture (still at 
0°C), thereby removing excess hydrogen 125 
fluoride. The residual material is held in 
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a period of about 20 minutes, dissolved, in 
aqueous acetic acid, and the aqueous acetic 
acid solution is freczc-dricd to give about 41 
mg. of amorphous product which is crystal- 
lized from water-ethanol to give substantially 
pure H - val - his - leu - scr - ala - glu- 
glu - iys - glu - ala - OH. 



Example 17. 

10 1.78 g. of ah is dissolved in 200 ml. of 
1M* aqueous potassium borate buffer solution 
(pH = 10.2) (see Example 1), the solution , is 
cooled to about 0°C, and 3.63 g. of gin NCA 
is added to the solution over a period of one 

15' minute, during which time the mixture is 
vigorously agitated (preferably using a Waring 
blender) while maintaining the temperature at 
0"°C and the pH at 10.2 by the dropwise 
addition of 50% aqueous potassium hydrox- 

20 ide. The reaction is allowed to proceed, while 
continuing agitation and maintaining tem- 
perature at 0°C and pH at 10.2, until base 
consumption ceases (about 1 minute); suffi- 
cient concentrated sulfuric acid is added to 

25 bring pH to 3.0; and nitrogen is bubbled 
through the acidified reaction mixture for 
about 15 minutes, thereby sweeping carbon 
dioxide from the resulting solution of H - gln- 
ala - OH. 

Example 18. 
30 To the aqueous solution of H - gin - ala- 
OH, prepared as described in Example 17, 
is added 200 ml. of ethanol, and the pH is 
adjusted to 8.0 by the addition of 50% 
aqueous potassium hydroxide solution. About 
35 9.54 g. NHS ester of <z - tBOC - * - Cbz - lys 
is added with stirring to this H - g!" * : 
OH solution, while the temperature is main- 
tained at about 25°C and the pH at 8.0 
by the dropwise addition of 50% aqueous 
40 sodium hydroxide solution. When base con- 
sumption ceases, the reaction solution is fil- 
tered, the ethanol is evaporated therefrom in 
vacuo, and the aqueous reaction solution is 
extracted with 300 ml. of ethyl acetate, there- 
45 by extracting un reacted NHS ester present 
in said solution. The pH of the aqueous re- 
action solution is then adjusted to 3.7 by the 
addition of concentrated sulfuric acid, and 
the acidified soluuon is extracted with three 
50 300-ml. portions of ethyl acetate; these latter 
ethyl-acetate extracts are combined, dried over 
anhydrous sodium sulfate, and the ethyl acet- 
ate evaporated therefrom in vacua to form a 
heavy oil. Thin layer chromatography on silica 
55 gel, using n - butanol - pyridine - acetic- 
acid - water (30:20:6:24) as cluant, shows 
the product to consist mainly of or - tBOC- 
€ - Cbz - Iys - gin - ala - OH, with a trace 
(less than 1%) of a faster-moving impurity. 



about 60 ml. of trifluoroacctic acid is added, 
and the temperature of the mixture is allowed 
to rise to about 22°C over a five minute 
period. The reaction solution is cooled to 
0°C, and ether is added, while maintaining 
the temperature at 0°C, thereby precipitating 
H - € - Cbz - lys - gin - ala - OH trifluoro- 
acetate. The precipitated material is recovered 
by filtration, dissolved in water, the pH of 
the solution is adjusted to 5.2 by the addi- 
tion of 2.5N aqueous sodium hydroxide solu- 
tion, 2nd the crystalline material which separ- 
ates is recovered by filtration and dried cO 
give about 4.5 g. of substantially pure H - t- 
Cbz - lys - gin - ala - OH. 
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This a - tBOC - e - Cbz - lys - gin 



Example 20. 
4.22 g. of the H - « - Cbz - lys - gin - ala- 80 
OH is dissolved in 90 ml. of 1M aqueous 
potassium borate buffer solution (pH=10.2), 
the solution is cooled to about 0°C, and 
1.60 g. of glu-NCA is added to the solution 
.over a period of- about 0.5 minutes, during 
which time the mixture is vigorously>agitated 
while maintaining the temperature at 0°C. 
and the pH at 10.2 by the dropwise addition 
of 50% aqueous potassium hydroxide solution. 
The reaction is allowed to proceed, while 
continuing agitation and maintaining tem- 
perature at 0°C and pH at 10.2, until base 
consumption ceases; sufficient concentrated sul- 
furic acid is added to bring pH to 2.5; and 
nitrogen is bubbled through the acidified re- 
action mixture for about 30 minutes, thereby 
sweeping carbon dioxide from the resulting 
solution of H-glu-c-Cbz-lys-gln-ala-OH. 
X . . ■ 

Example 21. 
The solution of H - glu - e - Cbz - lys- 
gln - ala - OH, prepared as described in Ex- 
ample 20, is adjusted to pH of 10.2 at 0°C 
by the addition of 50% aqueous potassium 
hydroxide solution, and about 1.678 g. of 
glue-NCA is added to the solution over a 
period of about 0.5 minutes, while the mixture 
is vigorously agitated and the temperature 
maintained at 0°C and the pH at 10.2 by 
the addition of 50% aqueous potassium 
hydroxide solution. The reaction is allowed 
to proceed, while continuing agitation and 
maintaining temperature at 0°C. and pH at 
10.2, until base consumption ceases. The re- 
action solution is filtered; sufficient concen- 
trated sulfuric acid is added to the filtered 
solution to bring pH to 3.7; and the precipi- 
tated material is recovered by filtration, 
washed with water, and dried in vacuo to give 
about 4.9 g. of H-glu-glu-e-Cbz-lys-glu- 
ala - OH, which may contain up to about 
15% of tetrapeptide and 3% hexapeptide im- 
purities. This material is subjected to free- 
flowing electrophoresis at pH 7.0 in 0.143M 
ala- 2,6 - lutidine - acetic acid buffer, to give 
r t_..i ikA,.f 7 3? a nf ^ih^rnnriallv oure H - slu- 
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Example 22. 
To the solution of tBOC - val - his - lcu- 
scr - ala azide in dimethyl form amide, prepared 
as described in Example 14, is added about 

5 612 mg. of H - glu - glu - € - Cbz - lys - gln- 
ala - OH, and the mixrurc is stirred at about 
- 20°C until the latter goes into solution. 
The temperature of the solution is then ad- 
justed to — 40°C, the pH is adjusted to 8 by 

10. rhc addition of diisopropylethylamine, and 
the solution, is maintained at a temperature 
between about — 20°C and - 15°C, with 
periodic adjustment of pH to 8.0 by addition 
of diisopropylethylamine, for a period of 

15 about 20 hours, at the end of which time the 
reaction to form the decapeptide is substan- 
tially complete, as may be shown by thin 
iaycr chromatography on silica gel G using 
the solvent system butanol - pyridine - acetic 

20 acid-water (30:20:6:24). The reaction mix- 
ture, which contains a gelatinous precipitate, 
is evaporated in vacuo; the residual material 
is triturated and washed with water; and the 
water-washed material is dissolved in 50% 

25 aqueous acetic acid, and the solution passed 
through a superfine gel filtration column 
(thereby separating a small amount of im- 
purity) to give about 474 mg. of tBOC - val- 
his - leu - ser - ala - glu - glu - e - Cbz - lys- 

30 gin - ala - OH. 

Example 23. 
About 40 mg. of tBOC - val - his - leu- 
ser - ala - glu - glu - « - Cbz - lys - gin - ala- 
OH is dried in vacua over phosphorus pent- 

35 oxide for a period of about 15 hours, thereby 
removing traces of water, and the resulting 
dry material is placed in a polyethylene tube 
containing about 0.3 ml. of anisole. The mix- 
ture is cooled to a temperature of about 

40 — 35°C, one ml. of anhydrous hydrogen 
fluoride is condensed in the tube, and the 
resulting mixture is stirred at a temperature 
of about 0°C for a period of about 45 
minutes. At the end of this reaction period, 

45 a stream of dry nitrogen is passed through the 
mixture (still at 0°C), thereby removing ex- 
cess hydrogen fluoride. The residual material 
is held in vacuo at a temperature of about 
. 25 °C. for a period of about 20 minutes, dis- 

50 solved in aqueous acetic acid, and the aqueous 
- acetic acid solution is frcczc-dried to give 
about 40 mg. of amorphous product which is 
crystallized from watcr-cthanol to give, sub- 
stantially pure H - val - his - leu - ser - ala- 

55 glu - glu - lys - gin - ala - OH. 

Example 24. 
About 2.43 g. of H - ser - ala - OMe 
trifluoroacetate and about 3.82 g. of the 
NHS ester of <r - tBOC - * - Cbz - lys are 
60 dissolved in 85 ml. of freshly degassed di- 
mcthylformamide. The resulting solution is 



four hours while maintaining the tcmpcraoirc 
at about 25°C and the pH at S.O by the 65 
addition of tricthylamine. The reaction mix- 
ture is filtered and evaporated in vacuo, the 
residual syrup is dissolved in 200 ml. chloro- 
form, and the chloroform solution is washed 
with 0.1 N aqueous sulfuric acid solution, then 70 
with saturated aqueous sodium bicarbonate 
solution, and finally with water. The washed 
chloroform solution is dien dried over anhy- 
drous sodium sulfate, evaporated in vacua, . 
and the residual oil is crystallized from cihyl 75 
acetate-ether to give about 3.15 g. of crystal- 
line a - tBOC - € - Cbz - lys - sera - ala- 
OMc. 

Example 25. 
A solution of about 3.15 g. of <x - tBOC- 80 
* - Cbz - lys - ser - ala - OMe in 20 ml. 
dioxanc is added to 200 ml. of water while 
holding the pH at 11.5 by the addition of ''. 
IN aqueous sodium hydroxide solution. The 
resulting solution is stirred at a temperature 85 
-of about 25 °C. for a period of three hours 
while maintaining the pH at 11.5. The diox- 
ane is evaporated from the reaction solution ' 
in vacua, water is added to the residual solu- 
tion to bring the volume to approximately 90 
200 ml., and the aqueous solution is washed 
with three 200 ml. -portions of ethyl acetate. 
The aqueous solution is then adjusted to pH 
2.5 by the addition of sulfuric acid, and the • - 
acidified aqueous solution is extracted with 95 
three 200 ml. -portions of ethyl acetate. The 
combined ethyl acetate extracts are evapor- 
ated in vacua to give, as a residual oil, 
<t - tBOC - € - Cbz - lys - ser - ala - OH. 

This residue! . ;i :„ O^vvSd lJ" ml: of 100 
methylene chloride; the methylene chloride 
solution is cooled to about 5°C; about 15 ml. 
of trifluoroacetic acid is added to the cold 
solution; and the resulting solution is allowed 
to warm to about 25 °C. over a 5 minute 105 
period. The reaction solution is cooled to 
0°C, about 200 ml. ether is added thereto 
with stirring, and the material which precipi- 
tates is recovered by filtration, washed with • 
ether, and dried to give H - € - Cbz - lys - ser- 1 10 
ala - OH trifluoroacetate. 

This H - e - Cbz - lys - ser - ala - OH 
trifluoroacetate is dissolved in about 25 ml. 
of water, the pH is adjusted to 5.05 by the 
addition of dilute aqueous sodium hydroxide 115 
solution, and the crystalline material which 
separates is recovered by filtration and dried to 
give about 1.4 g. of H - € - Cbz - lys - ser- 
ala - OH. 

Example 26. 120 
0.88 g. of the H - € - Cbz - lys - ser - ala- 
OH is dissolved in 20 ml. of 1M aqueous 
potassium borate buffer solution (pH=10.1), 
the solution is cooled to about 0°C, and 
about 0.36 g. of glu-NCA is added to the 125 
solution over a period of about 0.5 minutes, 
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while the temperature is maintained at 0 C 
and the pH at 10.1 by the dropwise addition 
of 50°/ aqueous potassium hydroxide solution. 
The reaction is allowed to proceed, while 
continuing agitation and maintaining tem- 
perature at 0°C. and pH at 10.1, unul base 
consumption ceases (approximately 1 minute), 
sufficient concentrated sulfuric acid is added to 
bring pH to 2.5, and nitrogen is bubbled 
through the acidified reaction mixture for 
about 15 minutes, thereby sweeping carbon 
dioxide from the resulting solution of H - glu- 
£ - Cbz - lys - ser - ala - OH. 
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Example 27. 
The solution of H - glu - « - Cta " 
glu - ala - OH, prepared as described in Ex- 
ample 26 is cooled to 0°C, the pH is ad- 
justed to 10.1 by the addition of 50% aqueous 
potassium hydroxide solution, and about 0.38 
i of elu-NCA is added to the solution over 
a period of about 0.5 minutes, while the 
mixture is vigorously agitated and the tem- 
perature maintained at 0°C. and the pH at 
10 1 by the addition of 50% aqueous potas- 
sium hydroxide solution. The reaction is 
allowed to proceed, with continuing agitation 
and maintenance of the temperature at 0 y 
and the pH at 10.1, until base consumption 
ceases (approximately 1 minute). The pH ot 
the reaction solution is adjusted to 8.5, and 
the solution is filtered thereby removing a 
small amount of precipitated material; suffi- 
cient concentrated sulfuric acid is added to 
the filtered solution to bring the pH to 3.o; 
v J . r^e material which now precipitates is 
recovered by filtration, washed with water, 
and dried in vacuo to give about 1.3 g. of 
H - glu - glu - « - Cbz - lys - ser - ala - OH, 
which may contain some tetrapeptide and 
hexapeptidc impurities. This material is sub- 
jected to free-flowing electrophoresis at pH 
7 0 in 0.143M, 2,6 - lutidine - acetic acid 
buffer, to give about 0.2 g. of substantially 
pure H - glu - glu - e - Cbz - lys - ser - ala- 
OH. 

Example 28. 
10 3 g of pro is added to a solution of 
about 28.5 g. of the NHS ester of tBOC-thr 
in 900 ml. of freshly degassed dimcthylforrn- 
amide; the resulting suspension is adjusted :o 
pH 10.0 by the addition of triethylamine; 
and the suspension is stirred for a period of 
about 60 hours, while maintaining the tem- 
perature at about 25°C and pH at 10.0. 
The reaction mixture is evaporated in vacuo, 
the residual material is dissolved in 900 ml. 
water, the solution is filtered thereby removing 
a small amount of impurities, and the pH of 
the filtered solution is adjusted to 2.5 by 
addition of 6N aqueous hydrochloric acid 
solution. The aqueous solution is extracted 



evaporated in vacuo to give about 26 g. of 
amorphous tBOC - thr - pro - OH. 

Example 29. 
25 g. of this tBOC - thr - pro - OH is dis- 
solved (at a temperature of about 0°C.) in 
approximately the minimum quanaty of tn- 
fl^oroaceric acid to effect solution; the solution 
is stirred at a temperature of about 25 C. 
for a period of about 7 minutes, and to the 
reactio^ solution is slowly added with st.rnng 
about 400 ml. of ether. The material which 
precipitates is recovered by filtranon, washed 
with ether, and dried in vacuo to give about 
14g of H - thr - pro - OH tnfluoracetatc. 
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Example 30. 
To 200 ml. of cold methanol (temperature 
of about -10°C.) is added, dropwise wuh 
stirring, about 10 ml. of thionyl chlor.de The 
solution is stirred at - 10°C for about 15 
minutes, 10 g. of H - thr - pro - OH tnfluoro- 
acetate is added thereto, and the resulting 
solution is stirred at a temperature of 25 U 
for a period of about three hours. The reaction 
mixture is filtered, the filtered » 
evaporated to dryness, the residual m*tcn*l 
is returned with ether, and the solid, amor- 
phous material is recovered by «« a « OT J?£ 
dried to give about 7 g. of H - thr - pro - OMc 
hydrochloride. 

Example 31. . 
The reaction solution containing 
val - his - leu azide, prepared as described in 
Example 9, is cooled to a temperature u 
_40°C and to this is added a solution of 
555 mg of H - thr - pro - OMc hydrochlonue 
in 10 ml. of degassed dimethylfotmamide. 1 he 
pH of the resulting solution is adjusted to 
8 0 by the addition of diisopropylethylamine, 
and the mixture is maintained at a tempera- 
ture between about -20°C and -15 C 
(with periodic adjustment of the pH to ».u 
by addition of diisopropylethylamuie) for a 
period of about 20 hours, at the end of which 
rime the reaction to form the P™»W?°« 
is substantially complete as may be shown by 
thin layer chromatography on f™Jt*£ 
using the solvent system ethyl - aceta.c 
pyridine - acetic - acid - water (10.5.1.3). 
The reaction solution is evaporated m vacuo, 
mc residual material is dissolved in water 
and the solution is purified by passage through 
Scphadex gel G-10 to give about 0.8 g. of 
SGtially pure tBOC - val - his - leu - thr- 
pro - OMc. 

Example 32. 
To 790 mg. of tBOC - val - his - leu - thr- 
pr0 - OMc is added 9 ml. of an anhydrous 
1 • l mixture of hydrazine and methanol. Ine 
resulting mixture is stirred for about 3 min- 
at room temperature, at the end of which 
,„i„r;nn U substantially complete. Ine 
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cthanol is added to ihc residual material, and 
die resulting solution is evaporated in vacuo. 
The residual material is dissolved in a mini- 
mum quantity of chloroform-mcihanol-wncer 

5 (60: 40: 10), and the solution is passed through 
a dry column of 50 g. of silica gel H, thereby 
removing traces of unreactcd hydrazine (as 
shown by thin layer chromatography on silica 
gel G) and the solvent is evaporated in vacuo 

10 to give about 480 mg. of tBOC - val - his- 
Icu - thr - pro hydrazidc. 

Example 33. 
528 mg. of tBOC - val - his - leu - thr - pro 
hydrazidc, prepared as described in Example 

15 32, is dissolved in 100 ml. of freshly degassed 
dimcthylformamide; the solution, which is 
maintained under a dry nitrogen atmosphere, 
"is cooled to about -40°C, and 9.6 ml. of 
2N anhydrous hydrogen chloride in tetra- 

20 hydrofuran is added with stirring. 0.11 ml. of 
isoamyl nitrite is then added, and the resulting 
mixture is maintained at a temperature be- 
tween about — 20°C and - 15°C for a 
period of about one hour, at the end of which 

25 time the hydrazidc has completely reacted to 
form tBOC - val - his - leu - thr - pro azide, 
as may be demonstrated by ihin-Iaycr chro- 
matography, utilizing the solvent system 
chloroform-methanol-watcr (60:40: 10)/ 

30 Example 34. 

To the solution of tBOC - val - his - leu- 
thr - pro azide in dimethylformamide, pre- 
pared as described in Example 33, is added 
about 515 mg. of H - glu - glu - <• - Cbz- 

35 lys - scr - ala - OH, and the mixture is stirred 
at about — 20°<~ •■■ .. thv \zt -er goes into 
solution. The temperature of the solution is 
then adjusted to - 40°C, the pH is adjusted 
to 8 by the addition of ajisopropylethylaminc, 

40 and the soluuon is maintained at a tempera- 
ture between about -20°C. and — 15°C, 
with periodic adjustment of pH to 8.0 by 
addition of diisopropylethylamine, for a 
period of about 20 hours, at the end of which 

45 time the reaction to form the decapeptide is 
substantially complete, as may be shown by 
thin layer chromatography on silica gel G 
using the solvent system ethyl - acctate- 
pyridine - acetic - acid - water (10: 5 : 1 : 3). 

50 The reaction mixoire, v/hich contains a gela- 
tinous precipitate, is evaporated in vacuo; 
the residual material is dissolved in 50% 
aqueous acetic acid, and the solution passed 
through a G-25 fine gel filtration column 

55 (thereby separating a small amount of im- 
purity) to give about 400 mg. of tBOC - vai- 
his 1 ieu - pro - glu - glu - <• - Cbz - lys- 
ser - ala - OH. 

Example 35. 
60 40 mg. of tBOC - val - his - leu - thr- 
pro - glu - glu - c - Cbz - Iys - ser - ala - OH 



for a period of about 15 hours, thereby remov- 
ing traces of water, and the resulting dry 
material is placed in a polyethylene tube con- 65 
taining about 0.3 ml. of anisol. The mixture 
is cooled to a temperature of about — 35°C, 
one ml. of anhydrous hydrogen fluoride is 
condensed in the tube, and the resulting mix- 
ture is stirred at a temperature of about 0°C 70 
for a period of about 45 minutes. At the end 
of this reaction period, a stream of dry nitro- 
gen is passed through the mixture (still at 
0°C), thereby removing excess hydrogen 
fluoride. The residual material is held in 75 
vacuo at a temperature of about 25°C for a 
period of about 20 minutes, dissolved in 
aqueous acetic acid, and the aqueous acetic 
acid solution is freeze -dried to give about 41 
mg. of amorphous product which is crystal- 80 
lized from watcr-ethanol to give substantially 
pure H - val - his - leu - thr - pro - glu - glu- 
lys - ser - ala - OH. 

Example 36. 
1.33 g. of ala is dissolved in 2jJ0 ml. of 85 
0.1M aqueous potassium borate buffer solu- 
tion (pH=9.5) (see Example 1), the soluuon 
is cooled to about 0°C, and about 2.0 g. of 
ala TCA is added to the solution over a 
period of five minutes, during which time the 90 
mixture is stirred while the temperature is 
maintained at 0°C. and the pH at 9.5 by 
the dropwise addition of 25% aqueous sodium 
hydroxide. The reaction is allowed to proceed 
with continued stirring and maintenance of 95 
the temperature at 0°C and pH at 9.5, until 
base consumption ceases (about 5 minutes); 
sufficient concentrated sulfuric add is added 
to bring the pH to 3.0; and nitrogen is 
bubbled through the acidified reaction mix- 100 
ture for about 45 minutes, thereby sweeping 
carbon dioxide from the resulting solution of 
H-ala-ala-OH. 

Example 37. 
To the aqueous solution of H-ala-ala-OH, 105 
prepared as described in Example 36, is 
added 200 ml. of edianol, and the pH is 
adjusted to 8.0 by the addition of 25% 
aqueous sodium hydroxide soluuon. About 
7.15 g. NHS ester of <x - tBOC - * - Cbz - iys 1 10 
is added with stirring to this ala - ala solution, 
while the temperature is maintained at about 
25°C and pH at 8.0 by the dropwise addition 
of 25% aqueous sodium hydroxide sohirion. 
When base consumption ceases, the reaction 115 
solution is filtered, the ethanol is evaporated 
therefrom in vacuo, and the aqueous reaction 
solution is extracted with 100 ml. of ethyl 
acetate, thereby extracting unreacted NHS 
ester present in said solution. The pH of die 120 > 
aqueous reaction soluuon is then adjusted to 
3.7 by the addition of concentrated sulfuric 
acid, and die acidified solution is extracted 
with three 100-mI. portions of ethyl acetate; 
these latter cihyl-acctstc extracts are combined 125 
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the ethyl acetate is evaporated therefrcm in 
vacuo to form a heavy oil. Thin-layer chroma- 
tography on silica gel, using n - butanol- 
Soe - acetic - acid - water (30: 20: 6: 24) 
as cluant, shows the product to consist mamly 
of « - tBOC - € - Cbz - lys - ala - ala - OH 
with a trace (less than 1%) of a faster-moving 
impurity. 

Example 38. 
This a - tBOC - € - Cbz - lys - ala - ala- 
OH oil is dissolved in about 30 ml. of methyl- 
ene chloride, the solution is cooled to 10°C, 
about 36 ml. of trifluoroacetic acid is added, 
and the temperature of the mixture is allowed 
to rise to about 24°C over a five minute 
period. The reaction solution is cooled to 
a°C, and ether is added, while maintaining 
the temperature at 0°C, thereby precipitating 
H - c - Cbz - lys - ala - ala - OH tnfluoro- 
acctate. The precipitated material is recovered 
by filtration, dissolved in water, the pH of the 
solution is adjusted to 4.1 by the addition 
of 2.5N aqueous sodium hydroxide solution, 
and the crystalline material which separates 
is recovered by nitration and dried to give 
about 2.0 g. of substantially pure H - € - Cbz- 
lys - ala - ala - OH. About 0.7 g. of material 
is obtained upon evaporation of the mother 
liquors. 

Example 39. 
1.26 g. of the H - « - Cbz - lys - ala - ala- 
OH is dissolved in 30 ml. of 1M aqueous 
potassium borate buffer solution (pH=10.0), 
the solution is cooled to about 0°C, and 
0.544 g. of glu-NCA is added to the solution 
over a period of about 0.5 minutes, during 
which time the mixture is vigorously a^^atea 
while the temperature is maintained at 0°C. 
and the pH at 10.0 by the dropwise addition 
of 50% aqueous potassium hydroxide solution. 
The reaction is allowed to proceed, with con- 
tinued agitation and maintenance of the tem- 
perature at 0°C. and the pH at 10.0, until 
base consumption ceases; sufficient concen- 
trated sulfuric acid is added to bring pH to 
2.5; and nitrogen is bubbled through the acidi- 
fied reaction mixture for about 30 minutes, 
thereby sweeping carbon dioxide from the 
resulting solution of H - glu - € - Cbz - lys- 
ala-ala-OH. 

Example 40. 
The solution of H - glu - « - Cbz - lys- 
ala - ala - OH, prepared as described in 
Example 39, is adjusted to pH of 10.0 at 0°C 
by the addition of 50% aqueous potassium 
hydroxide solution, and 0.570 g. of glu-NCA 
is added to the solution over a period of 
about 0.5 minutes, while the mixture is 
vigorously agitated and its temperature main- 
tained at 0°C and its pH at 10.0 by the 
addition of 50% aqueous potassium hydroxide 
solution. The reaction is allowed to proceed, 
with continued agitation and maintenance of 



solution- is filtered; sufficient concentrated sul- 
furic acid is added to the filtered solution to 
bring the pH to 4.1. The water is evaporated 
in vacuo, and the residual solid material is 
dissolved in 25 ml. of 50% aqueous acetic 70 
acid solution. This aqueous acetic acid solution 
is then subjected to gel permeation chromato- 
graphy, thereby removing salt and impurities 
to give about 0.4 g. of substantially pure 
H - glu - glu - € - Cbz - lys - ala - ala - OH. 75 

Example 41. 
2 8 g. of H - ala - OMc hydrochloride and 
6 33 g of the NHS ester of tBOC-thr arc 
dissolved in 200 ml. of freshly degassed 
dimcthylformamide. The resulting solution is 80 
adjusted to pH 8.0 by the addition of diiso- 
propylethylamine and stirred for a period of 
about four hours while the temperature is 
maintained at about 25°C and the pH at 
8.0 by the addition of diisopropylethylamme. 85 
The reaction mixture is evaporated in vacuo, 
the residual oil is dissolved in methylene 
chloride, and the methylenc-chloridc solution 
is washed twice with 0.2N aqueous sulfuric 
acid solution saturated with sodium sulfate, 90 
once with saturated aqueous sodium chloride 
solution, twice with saturated aqueous sodium 
bicarbonate solution, and finally twice with 
saturated aqueous sodium chloride solution- 
The washed methylene chloride solution is 95 
then dried over anhydrous sodium sulfate and 
evaporated in vacuo, and the residual oil is 
crystallized from mixtures of ethyl acetate 
and hcxane to give about 4.2 g. of crystalline 
tBOC - thr - ala - OMc. 100 

Example 42. 
3.86 of this tBOC - thr - ala - OMc is 
dissolved (at a temperature of about 0°C) 
in the minimum quantity of trifluoroacetic 
acid, the solution is stirred at a temperature 105 
of about 25°C for a period of about <*5 
minutes, and the solution is then evaporated 
to dryness to give about 4.1 g. of H - thr - ala- 
OMc trifluoroacetate, in the form of a heavy 

oil. 110 
Example 43. 
4.1 g. of thr - ala - OMc trifluoracetatc 
and 4.1 g. of the NHS ester of tBOC-lcu 
are dissolved in 225 ml. of freshly degassed 
dimethylformamide. The resulting solution is 115 
adjusted to pH 8.0 by the addition of diiso- 
propylethylamine and stirred for a period of 
about four hours, while the temperature is 
maintained at about 25 °C and 
the pH at 8.0 by the addition of diiso- 120 
propylethylamine. The reaction mixture is ' 
evaporated in vacuo, the residual material is 
dissolved in methylene chloride, and the 
methylene chloride solution is washed twice 
with 0.2N aqueous sulfuric acid solution sacur- 125 
ated with sodium sulfate, twice with saturated 
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and finally twice with saturated aqueous 
sodium chloride solution. The washed methyl- 
ene chloride solution is then dried over anhy- 
drous sodium sulfate, evaporated in vacua, 
and the residual solid material is crystallized 
from ethyl-acctatc/hcxanc to give about 3.4 g. 
of crystalline tBOC - leu - thr - ala - OMe. 

Example 44. 
3.1 g. of this tBOC - Icu - thr - ala - OMe 
is dissolved (at a temperature of about 0°C) 
in the minimum quantity of trifluoroacctic 
acid, the solution is stirred at a temperature 
of abour 25°C for a period of about 45 
minutes, and the solution is then added drop- 
wise with vigorous stirring to a large volume 
(about 100 ml.) of ether. The material which 
precipitates is recovered by .filtration, washed 
twice with ether, and dried in vacuo to give 
about 2.8 g. of H - leu - thr - ala - OMe 
trifluoroacctate. 

Example 45. 
2.8 g. of H . leu - thr - ala - OMe trifiuoro- 
acetate and 2.24 g. of the NHS ester of 
tBOC-met are dissolved in about 60 ml. of 
freshly degassed dimethylformadide. The re- 
sulting solution is adjusted to pH 8.0 by the 
addition of tricthylamine, and stirred for a 
period of about four hours, while the tempera- 
ture is maintained at about 25°C and the pH 
at 8.0 by the addition of trieriiylarnine. The 
reaction mixture is evaporated in vacuo, the 
residual material is dissolved in ethyl acetate, 
and the ethyl acetate soiurion is washed three 
times with 0.1N aqueous sulfuric acid soludon 
saturated with sodium sulfate, three times with 
saturated aqueous sodium bicarbon- 
ate solution, and finally with satur- 
ated aqueous sodium chloride solu- 
tion. The washed ethylacetate solution 
is then dried over anhydrous sodium sulfate 
and part of the ethyl acetate is evaporated in 
vacuo. The voluminous precipitate which 
forms is recovered by filtration, washed with 
a small amount of ethyl acetate, and dried in 
vacuo to give about 1.9 g. of crystalline tBOC- 
met-leu-thr-ala-OMe. 

Example 46. 
To 1.5 mg. of tBOC - met - leu - thr- 
ala - OMe is added 24 ml. of a 1 : I mixture 
of hydrazine and dimethylformamide. The 
resulting mixture is stirred for about 5 min- 
utes at room temperature. The resulting solu- 
tion is evaporated in vacuo at a temperature 
of about 35°C, about 60 ml. of dimethyl- 
formamide is added to the residual material, 
and the resulting solution is evaporated in 
vacuo. 100 ml. of methanol is added, the 
resulting mixture is evaporated in vacuo] and 
the residual product is crystallized from meth- 
anol to give about 1.2 g. of tBOC - met - Icn- 



Examplc 47. 
253 mg. og tBOC - met - icu - thr - ala 
hydrazide, prepared as described in Example 
46, is dissolved in 15 ml. of freshly degassed 65 
dimethylformamide; the solution, which is 
maintained under a dry nitrogen atmosphere, 
is cooled to about -40°C, and about 1.3 ml! 
of 2N anhydrous hydrogen chloride in tctra- 
hydrofuran is added with stirring. About 0.068 70 
ml. of isoamylnitrite is then added, and the 
resulting mixture is maintained at a tem- 
perature between about — 20°C. and - 15°C. 
for a period about one hour, at the end of 
which rime the . hydrazide has completely 
reacted to form tBOC - met - leu - thr - ala 
azide, as may be demonstrated by thin-layer 
chromatography, utilizing the solvent system 
chloroform -methanol- water (60 : 40 : 1 0). 

Example 48. 80 
To the solution of tBOC - met - Icu- thr- 
ala azide in dimethylformamide, prepared as 
described in Example 47, is added>about 315 
mg. of H - glu - glu - € - Cbz - lys - ala- 
ala - OH dissolved in 30 ml. of dimethyl- 85 
formamide. The temperature of the solution 
is then adjusted to — 40°C, the pH is ad- 
justed to 8 by the addition of diisopropyl- 
cthylamine, and the soludon is maintained at 
a temperature between about - 20°C and 90 
— 15°C, with periodic adjustment of pH to 
8.0 by addition of dnsopropylethylarnine, for 
a period of about 20 hours, at the end of 
which rime the reaction to form the nona- 
peptide is substantially complete, as may be 95 
shown by thin-layer chromar^Taphv ?n rilica 
gel G using the solvent system ethyi-acctate- 
pyridine - acetic - acid - water (10:5: 1:3). 
The reaction mixture is evaporated in vacuo, 
the residual material is triturated and washed 100 
with water, and the water-washed material is 
dried to give about 875 mg. of tBOC - met- 
leu - thr - ala - glu - glu - € - Cbz - lys - ala- 
ala - OH. 

Example 49. 105 
196 mg. of tBOC - met - leu - thr - ala- 
glu - glu - <r , Cbz - lys - ala - ala - OH 
is dried in vacuo over phosphorus pentoxidc 
for a period of about 15 hours, thereby 
removing traces of water, and die resulting 110 
dry material is placed in a polyethylene tube 
containing 2.4 ml. of anisole and 2.4 g. of 
methionine. The mixture is cooled to a tem- 
perature of about -35°C, one ml. of anhy- 
drous hydrogen fluoride is condensed in the 
tube, and the resulting mixture is stirred at a 115 
temperature of about 0°C. for a period of 
about 45 minutes. At the end of this reaction 
period, a stream of dry nitrogen is passed 
through the mixture (still at 0°C), thereby 
removing excess of hydrogen fluoride.- The 120 
residual material is held in vacuo at a tem- 
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acid, and the aqueous acetic acid solution is 
freczc-dried. The resulting product is dis- 
solved in 45 ml. of water, 5 ml. of mercapto- 
ethanol is added, and the mixture is heated 
at 45°C for a period of about 24 hours. The 
reaction solution is evaporated to dryness in 
vacuo; the residual product is dissolved in 
50% aqueous acetic acid; the solution is 
passed through a gel filtration column and 
then freczc-dried to give about 75 mg. of 
H - met - leu - thr - ala - glu - elu -° lvs- 
ala - ala - OH. 
WHAT WE CLAIM IS: — 
1. A process for preparing a hemopeptide, 
selected from hemopeptides PI, P2, H and S, 
which comprises coupling together by peptide 
linkages, utilizing sequential synthesis or block 
synthesis, the amino acid components 
in the appropriate sequence as follows: H-val- 
his - leu - ser - ala - glu - glu - lys - gl u - 
ala - OH for hemopeptide PI; H - val - his- 
leu - ser - ala - glu - glu - lys - gin - ala - OH 
for hemopeptide P2; H - val - his - leu - rhr- 
pro - glu - glu - lys - ser - ala - OH for 
hemopeptide H; and H - mer - leu - rhr - ala- 
glu - glu - lys - ala - ala - OH for hemo- 
peptide S; m which process functional group- 
ings, present in such amino add or peptide 
components and reactive under the conditions 
of such coupling, are protected by substituenrs 
non-reactive during such coupling and remov- 
able without affecting peptide linkages or other 
protecting substituent retained in subsequent 
coupling reaction; thereby forming the corres- 
ponding protected hemopeptide containing 
protecting substituents, and subjecting said 
protected hemopeptide to the action of cleav- 
ing ugerii to remove said substitucnts, thereby 
forming the said hemopeptide. 

2. A process as claimed in claim 1 as applied 
to the preparation of hemopeptide Pi. 

3. A process as claimed in claim 1 as 
applied to the preparation of hemopeptide P2. 

4. A process as claimed in claim 1 "as 
applied to the preparation of hemopeptide H. 

5. A process as claimed in claim 1 as 
applied to the preparation of hemopeptide ^. 

6 ; A Process for synthesizing hemopeptide 
1 1 from a protected derivative thereof in which 
functional groupings are protected by substi- 
tuents removable by vigorous action of a 
strong acid cleaving agent without substantially 
affecting peptide linkages, which comprises 
subjecting the protected hemopeptide Pi 
derivative to vigorous strong acid cleavinc 
action. * 

7. A process, as claimed in claim 6, which 
comprises reacting tBOC - val - his - leu- 
scr - ala - glu - glu - « - Cbz - I ys _ gl U - 
ala - OH with substantially anhydrous hydro- 
gen fluoride thereby forming hemopeptide PI. 

8. A process for synthesizing hemopeptide 
P2 from a protected derivative thereof in 
which functional 



a strong acid cleaving agent without substan- 
tially affecting peptide linkages, which com- 
prises subjecting the protected hemopeptide 
P2 derivative to vigorous strong acid cleaving 
action. 

9. A process, as claimed in claim 8, which 
comprises reacting tBOC - val . his - lcu- 
ser - ala - glu - glu - € - Cbz - lys - gln- 
ala - OH with substantially anhydrous hydro- 
gen fluoride thereby forming hemopeptide 

10. A process for synthesizing hemopeptide 
H from a protected derivative thereof in which 
functional groupings are protected by substi- 
tucnts removable by vigorous action of a strong 
acid cleaving agent without substantially 
affecung peptide linkages, which comprises 
subjecting the protected hemopeptide H de- 
rivative to vigorous strong acid cleaving action. 

11. A process as claimed in claim 10, 
which comprises reacting tBOC - val - his- 
leu - thr - pro - glu - glu - c - Cbz - lys- 
-ser - ala - OH with substantially anhydrous 
hydrogen fluoride thereby forming hemopep- 
tide H. o r r 

12. The process for synthesizing hemopep- 
tide S, from a protected derivative thereof in 
which functional groupings are protected by 
substitucnts removable by action of a cleaving 
agent without substantially aflecting peptide 
linkages, which comprises subjecting the pro- 
tected hemopeptide S derivative to the action 
of the cleaving agent. 

13. A process as claimed in claim 12, which 
comprises reacting tBOC - met - leu - thr- 
ala - glu - glu - € - Cbz - lys - ala - ala - OH 
with substantially anhydrous hydrogen fluor- 
ide thereby forming hemopeptide S. 

14. A process as claimed in claim 2, which 
comprises reacting ala with glu-NCA to form 
the dipeptide H - glu - ala., OH, reacting 
the H - glu - ala - OH with a -. tBOC - e- 
Cbz - lys - NHS to form the protected tri- 
peptide or - tBOC - € - Cbz - iys - glu - ala, 
reacting this tripeptide with trifluoroacctic 
acid thereby removing the tBOC substituent 
to form € - Cbz - lys - glu - ala, reacting 
the larter compound with glu-NCA to form 
the protected tetrapeptide H - glu - e - Cbz- 
lys - glu - ala . OH and reacting the H - glu- 
* - Cbz - lys - glu - ala - OH with glu-NCA 
to form H - glu - glu - c - Cbz - lys - gl u - 
ala - OH; reacting H - leu - OMe with his- 
TCA to form the dipeptide ester his - leu- 
OMe, reacting this dipeptide ester with tBOC- 
val-NHS to form the protected tripeptide ester 
tBOC - val - his - leu - OMe, reacting this 
protected tripeptide ester with hydrazine and 
then reacting the resulting hydrazide with' 
nitrous acid to form tBOC - val - his - leu 
azidc; reacting H - ala - OMe with tJBOC- 
ser - NHS to form tBOC - ser - ala - OMe, 
reacting the latter with trifluoroacetic acid 
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scr - ala - OMc trifluoroacetate with die said 
tBOC - vai - his - leu azidc to produce rhe 
protected pentapeptide ester cBOC - val- his- 
lcu - scr - aia - OMc, reacting this protected 
pentapeptide ester with hydrazine and then 
reacting the resulting hydrazide with nitrous 
acid to form tBOC - val - his - leu - scr - ala 
azidc; and reacting this tBOC - val - his- 
leu - ser _ ala azide with the said H - glu- 
glu - e - Cbz - lys - glu - ala - OH to form 
the protected dccapcptidc, tBOC - va! - his- 
Icu - scr - ala - glu - glu - € - Cbz - lys- 
glu - ala - OH; and reacting said protected 
dccapcptidc with anhydrous hydrogen fluoride 
to form hemopeptide PI. 

15. A process as claimed in claim 3, which 
comprises reacting ala with gln-NCA to form 
the dipeptidc H - gin - ala - OH, reacting the 
-H - gin - ala - OH with a - tBOC - € - Cbz- 
lys - NHS to form the protected tri peptide 
<x - tBOC - e - Cbz - lys - gin - ala - OH, 
reacting this tri peptide with trifluoroacctic 
acid thereby removing the tBOC substituent to 
form <r - Cbz - lys - gin - ala - OH, reacting 
the latter compound with glu-NAC to form 
the protected tetrapeptide H - glu - c - Cbz- 
lys - gin - ala - OH, and reacting the H - glu- 
€ - Cbz - lys - gin - ala - OH with glu-NCA 
to form H - glu - glu - c - Cbz - lys - gln- 
ala - OH; reacting lcu-OMc with his-TCA 
to form the dipeptidc ester H - his - leu- 
OMe, reacting this dipeptide ester with tBOC- 
val-NHS to form the protected tripeptidc ester 
tBOC - val - his - leu - OMc, reacting this 
protected tripepude ester with hydrazine and 
dien reacting the resulting hydrazidc with 
nitrous acid to form tBOC - val - his - leu 
azide; reacting H - f ,5 ..-„OMr. w'rh tBOC- 
ser-NHS to rorm tBOC -~ scr - ala - OMc, 
reacting the latter with trifiuoroacctic acid 
thereby cleaving the tBOC substituent to form 
H - ser - ala - OMe trifluoroacetatc, reacting 
the ser - ala - OMc trifluoroacetatc with the 
said tBOC - val - his - leu azide to produce 
the protected pentapeptide ester tBOC - val- 
his - leu - scr - ala - OMe, reacting diis pro- 
tected pentapeptide ester with hydrazine and 
then reacting the resulting hydrazide with 
nitrous acid to form tBOC - val - his- 
Ieu - scr - ala azide; and reacting this tBOC- 
vai - his - leu - scr - ala azidc with the said 
H - glu - glu - e - Cbz . lys - gin - ala - OH, 
to form the protected dccapcpiide, tBOC - val- 
his - leu - ser - ala - glu -glu - * - Cbz- 
lys - gin . ala - OH; and reacting said pro- 
tected dccapcptidc with anhydrous hydrogen 
fluoride to form hemopeptide P2. 

16. A process as claimed in claim 4, which 
comprises reacting H-ala-OMc with tBOC- 

^ r A^ HS t0 f0rm rhc P rotcc ted dipeptide 
tBOC - scr - ala - OMe, reacting this dipep- 
tide with trifiuoroacctic acid thereby cleaving 
the tBOC substituent to form H-ser-ala-OMe 
reacting the scr-ala-OMe with <*-tBOC 

CbZ - K'S . NHS frt fr»rm rhn n „ r „ 



tide a - tBOC - c - Cbz - lys - scr - ala - OMc, 
reacting this rri peptide with aqueous alkali 
thereby hydrolyzing the methyl ester grouping 
and reacting the hydrolysis product with tri- 
fluoroacetic acid thereby removing the tBOC 
substituent to form H - «• - Cbz - lys - ser- 
ala - OH, reacting the latter compound with 
glu-NCA to form the protected tetrapeptide 
H - glu - * - Cbz - lys - scr - ala - OH, 
and reacting the H - glu - <? - Cbz - lys - ser- 
ala - OH with glu NCA to form H - glu - giu- 
e - Cbz - lys - ser - ala - OH; reacting H-- 
leu - OMc with his-TCA to form die dipep- 
tide ester H - his - leu - OMc, reacting this 
dipeptidc ester with tBOC - val - NHS u> 
form the protected tripeptidc ester tBOC- 
val - his - leu - OMc, reacting this protected 
tripeptide ester with hydrazine and "then re- 
acting the resulting hydrazide with nitrous acid 
to form tBOC - val - his - leu azidc; reacting 
pro with tBOC - thr - NHS to form tBOC- 
thr - pro - OH, reacting the latter with tri- 
fiuoroacctic. acid thereby cleaving the tBOC 
r substicuent to form H - thr - pro * OH tri- 
fluoroacetatc, reacting the thr- pro trifluoroacet- 
atc with a methyiating agent to form H - thr- 
pro - OMe, reacting this H - thr - pro - OMc 
with the said tBOC - val - his - leu azide tc 
produce protected pentapeptide ester tBOC- 
val - his - leu - thr - pro - OMc, reacting 
this protected pentapeptide ester with hydra- 
zinc and then reacting the resulting hydrazide 
with nitrous acid to form tBOC - vai - his- 
lcu - thr - pro azide; and reacting this tBOC- 
val - his - leu - thr - pro azide with 'the 
said H - glu - glu - e - Cbz - lys - ser - ala- 
OH to form the protected decapepride, tBOC- 
val - his - leu - thr - pro - glu - glu - s- 
Cbz - lys - scr - ala - OH; and reacting said 
protected decapeptide with anhydrous hydro- 
gen fluoride to form hemopeptide H. 

17. A process as claimed , in claim 5 which 
comprises reacting ala with aJa-TCA to form 
the dipeptide H - ala - ala - OH, reacting the 
aia-ala with <* - tBOC - e - Cbz - lys - NHS 
ester to form the protected iripeptide c- 
tBOC - € - Cbz - lys - ala - ala - OH, reacting 
this tripeptide with trifluoroacetic acid thereby 
removing the tBOC substituent to form H - c- 
Cbz - lys - ala - ala - OH, reacting the latter 
compound with glu-NCA to form the pro- 
tected tetrapeptide H - glu - e _ Cbz - lys- 
ala - ala - OH, and reacting the H - glu - e- 
Cbz - lys - ala - aia - OH with glu-NCA 
to form H - glu - glu - e - Cbz - lys - ala- 
ala - OH; reacting ala-OMc with tBOC- 
thr-NHS ester to form the protected dipeptidc 
ester tBOC - thr - ala . OMc, reacting this 
protected dipepude ester with trifluoroacetic 
acid, thereby cleaving the tBOC substituent 
to form H - thr - ala - OMe trifluoroacetate 
reacting the H - thr - ala - OMc trifluoro- 
acetate with tBOC . leu - NHS ester to 
produce the protected tripeptidc ester tBOC- 
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with trifluoroacctic acid thereby cleaving the 
tBOC substiruent to form leu - thr - ala - 
OMe, reacting this leu - thr - ala - OA4c with 
tBOC - met - NHS ester thereby forming 

5 tBOC - ma - leu - thr - ala - OMe, reacting 
this protected tctrapeptidc ester with hydra- 
zinc and then reacting the resulting hydrazidc 
with nitrous acid to form tBOC - met - lcu- 
thr - ala azide; and reacting this tBOC- 

10 met - leu - thr - ala azide with the said 
H - glu - glu - e - Cbz - lys - ala - ala - OH 
to form the protected nonapetide, tBOC - mct- 
lcu - thr - ala - glu - glu - - Cbz - lys- 
ala - ala - OH; and reacting said protected 

15 nonapeptidc with anhydrous hydrogen fluoride 
to form hemopeptide S. 

18. Amides, esters and N - acyl analogs of 
"hemopeptide PI and protected, derivatives 
of hemopeptide PI, its amides, esters and N- 

20 acyl analogs. 

19. A compound having the structure H- 
val - his - leu - ser - ala - glu - glu - lys- 
glu - ala - NH-. 

20. A compound having the structure N- 
25 acetyl - val - his - leu - scr - ala - glu - glu- 

lys - glu - ala - OH. 

21. Synthetic hemopeptide PI when ob- 
tained by a process as claimed in claim 6. 

22. Synthetic hemopeptide PI when cb- 
30 tained by a process as claimed in claim 7. 

23. Amides, esters and N-acyl analogs of 
hemopeptide P2 and protected derivatives of 
hemopeptide P2, its amides, esters and N-acyl 
analogs. 

35 24. A compound having the structure H- 
val - his - leu - scr - ala - glu - glu - lys- 
gln - ala - NH 2 . 

25. A compound having the structure N- 
acetyl - val - his - leu - ser - ala - glu- 

40 glu - lys - gin - ala - OH. 

26. Synthetic hemopeptide P2 when ob- 
tained by a process as claimed in claim 8. 

27. Synthetic hemopeptide P2 when ob- 
tained by a process as claimed in claim 9. 

45 28. Hemopeptide H, its amides, esters caid 
N-acyl derivatives; and protected derivatives 
thereof. 

29. Hemopeptide H. 

30. A compound having the structure H- 
50 val - his - leu - thr - pro - glu - glu - lys - scr- 

ala - NH 3 . 

31. A compound having die structure H- 
val - his - leu - thr - pro - glu - glu - lys- 
ser - ala - OH acetate. 

•55 32. Synthetic hemopeptide H when ob- 
tained by a process as claimed in claim 10. 

33. Hemopeptide S, its amides, esters and 
N-acyl derivatives; and protected derivatives 
thereof. 
60 54. Hemopeptide S. 

35. A compound having the structure ti- 
met - leu - thr - ala - glu - glu - Ivs - ala- 
ala - NH... 



36. A compound having the chemical struc- 
ture N-acetyl-met-lcu-thr-ala-glu-glu-lys-ala- 65 
ala - OH. 

37. Synthetic hemopeptide S when ob- 
tained by a process as claimed in claim 12. 

38. Synthetic hemopeptide S, when obtained 

by a process as claimed in claim 13. 70 

39. Protected derivatives of hemopeptide 
PI in which the functional groupings are pro- 
tected by substiruents cleavable therefrom by 
the vigorous action of a strong acid cleaving 
agent. 75 

40. A protected derivative as claimed in 
claim 39 having the structure tBOC - vat- 
his - leu - scr - ala -. glu - glu - € - Cbz - lys- 
glu - ala - OH. 

41. Protected derivatives of the pentapeptide 80 
H - glu - glu - lys - glu ala - OH. 

42. Protected derivatives of the pentapeptide 
H - val - his - leu - scr - ala - OH. 

43. Protected derivatives of hemopeptide P2 

in which the functional grouping are protected 85 
■ by substiruents cleavable therefrom without 
substantially affecting peptide linkages. 

44. A protected derivative as claimed in 
claim 43 3 having the structure tBOC - val- 

his - leu - ser - ala - glu - glu - € - Cbz- 90 
lys - gin - ala - OH. 

45. Protected derivatives of the pentapep- 
tide H - glu - glu - lys - gin - ala - OH. 

46. A compound having the structure N- 
formyl - val - his - leu - scr - ala - glu- 95 
glu - lys - gin - ala - OH. 

47. Protected derivatives of hemopeptide T 
in which the functional groupings arc pro- 
tected by substiruents cleavable therefrom by 
-V~..r?£orev:. a:.tion of a strong acid cleaving 100 
agent. 

48. A protected derivative as claimed in 
claim 47, having the structure tBOC - val- 
his - leu - thr - pro - glu - glu - € - Cbz- 

lys - ser - ala. 105 

49. Protected derivatives of the pentapep- 
tide H - glu - glu - lys - ser - ala - OH. 

50. Protected derivatives of the pentapep- 
tide val - his - leu - thr - pro. 

51. Protected derivatives of hemopeptide 110 
H in which the functional groupings are 
protected by substiruents cleavable therefrom 

by the vigorous action of a strong acid cleav- 
ing agent. 

52. A protected derivative as claimed in 115 
claim 51 having the structure tBOC - met- 

leu - thr - ala - glu - glu - c - Cbz - lys- 
ala - ala. 

53. Protected derivatives of the pentapep- 
tide H - glu - glu - lys - ala - ala - OH. 120 

54. Protected derivatives of the tetrapeptide ' * 
H - mcr - leu - thr - ala - OH, 

55. A process as claimed in claim 1 in which 
the steps arc carried out substantially as 
hereinbefore described in the foregoing Ex- 125 
arrtplcs. 
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56. Hemopeptides and their derivatives when 
prepared by a process as claimed in any one 
of claims 1—17 and 55. 
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